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APPARATUS AND METHOD FOR LOW TEMPERATURE DE-ICING 
PART A - STRUCTURE OF THIS PROVISIONAL 

In order to submit this provisional, we are employing the approach as explamed below. 

We begin by taking recourse to an earlier PCT submitted by Microheat Inc., namely the 
one named "Apparatus and Method for Cleaning or De-icing Vehicle Elements" 
(hereinafter "PCr*). 

Said PCT is incorporated in the present provisional in full, forming Part B of this 
document. In this provisional we include the complete text of the former PCT, up to its 
claims, vMch are not included inhere under. 

In addition, we do include all the figures of said PCT, startmg wth figure No. 1 and up 
to figure 24G, inclusive. 

As said, the above (text and drawings) constitute "Part B" of the current provisional. 

Part C of the provisional constitutes the new, added subject matter of the provisional. 
Part C, hence, is made up of the components (standard sections) provided in any 
common provisional. 

This approach - presenting the three parts, was selected in order to alleviate the task of 
expected future consolidation of an application, when going over fi-om the provisional 
to the PCT. 

PART B -THE REFERRED TO PCT 

The PCT (without the claims), i. e. pages 1 to 56, and figures No. 1 to No. 24G, are 
presented in the following pages. 
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APPARATUS AND METHOD FOR CXEANING OR DE-ICING VEHICLE 
5 ELEMENTS 

REFERENCE TO CO-PENDING APPLICATIONS 

Applicant hereby claims priority of U.S. Provisional Patent Application 
10 Serial No. 60/451,600 filed on March 3. 2003, entitled "System And Method For Swift 
Cleaning Or De-icing Windshields" and U.S. Provisional Patent AK>lication Serial No. 
60/420,001, filed October 21, 2002, entitled " System And Method For Swift Cleaning 
Or Deicing ^^dshields ". 



15 



FIEID OF THE INVBSmON 

The present invention relates generally to apparatus and method for 
cleaning or de-icing vehicle elements. 



20 



BACKGROUND OF THE INVENTION 
The following piiblicatums are believed to represent the current state of 

25 the art: 

U.S. Patents: 6,164,564; 6,199,587; 5,509,606; 5,118,040; 4,090,668; 
5,012.977; 5.354.965; 3,979,068; 4,090,668; 4,106,508; 5,012,977; 5,118,040; 
5,254,083; 5,354,965; 5,383,247; 5,509,606; 5,927.608; 5.947,348 and 5,988,529. 

Published PCT Applications: WO 02/092237, WO 00/27540 and WO 

30 98/58826. 
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SUMMARY OF THE INYENTION 



The present invention seeks to provide improved apparatus and mettiod 
5 for cleaning or de^cing vehicle elements. 

There is thus provided in accordance with a preferred embodiment of the 
present invention a liquid heating assembly including a heat-conductive displaceable 
element and a liquid heating enclosure definu^ a liquid heating volume including a 
inimary liquid heating volume portion and a secondary liquid heating volume portion, 
10 separated by the heat-conductive displaceable element, the primary liquid heating 
volume portion including a heat exchanger for directiy heating liquid in the primary 
liquid heating volume portion and for indirectiy heating liquid in the secondary liquid 
heating volimie portion via the heat-conductive displacement element 

In accordance with another preferred embodiment of the present 
15 invoxtion the heat-conductive displaceable element includes a resilient, flexible 
element Additionally or alternatively, the heat-conductive displaceable element forms 
at least a wall both of the primary liquid heating volume portion and of the secondary 
liquid heating volume portion. 

In accordance with yet another preferred embodiment of the present 
20 invention at least the liquid heating enclosure defines a primary liquid flow pathway in 
the primary liquid heating volume portion and a secondary liquid flow pathway in the 
secondary liquid heating volimie portion, the secondary liquid flow pathway supplying 
liquid to the primary liquid flow pathway. 

Preferably, the primary liquid heating voliime portion is formed of a 
25 relatively rigid, highly heat conductive material. Additionally, the secondary liquid 
. heating voltmie portion is formed of a material which is less rigid and less heat 
conductive than the material forming the primary liquid heating volume portion. 

In accordance with another preferred embodiment of the present 
invention at least the primary liquid flow pathway is defined by the liquid heating 
30 enclosure and by the heat-conductive displacement element. In accordance with yet 
anoflier preferred embodiment of the present invention at least the liquid heating 
enclosure defines an at least partially turbulent flow primary liquid flow pathway in the 
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primaiy liquid heating volume poition and an at least partially turbulent flow secondary 
liquid flow pathway in die secondary liquid heating volume portion, the at least partially 
turbulent flow secondary liquid flow pathway supplying liquid to the at least partially 
turbulent flow primary liquid flow pathway. 

In accordance with still another preferred embodiment of the present 
invention the primary liquid heating volume portion is formed at least partially of a 
metal material, which is relatively highly heat conductive and the secondary liquid 
heating volume portion is formed at least partially of a plastic material, v^ch is 
relatively heat insulative, separated by the heat-conductive displaceable element, . 
formed of a material which is less heat conductive than the metal material. Additionally, 
the heat-conductive displaceable element is formed of a material which is more heat 
conductive than the plastic material. 

In accordance wifh another preferred embodiment of the present 
invention the heat-conductive displaceable -element is apertured to permit liquid 
communication fiom the secondary liquid heating volume portion to the primary liquid 
heating volume portion. 

In accordance with another preferred embodiment of the present 
invention the secondary liquid heating volume portion includes at least one displaceable 
outer wall portion providing freeze protection by virtue of its displaceability. 
Additionally, the heat-conductive displaceable element is operative to be displaced into 
the secondary liquid heating volume portion vtpon jfreezing of liquid inside the primary 
liquid heating volume portion. 

In accordance with yet another preferred embodiment of the present 
invention the heat-conductive displaceable element is an intervening liquid 
impermeable diaphragm. 

In accordance with still another preferred embodiment of the present 
invention the primary liquid heating volume portion is a first conduit element and the 
secondary liquid heating volume portion is a second conduit element. Additionally, the 
heat exchanger is defined by the first conduit element and the second conduit element. 

There is also provided in accordance with another preferred embodiment 
of the preset invention vehicle including a vehicle chassis including a drive train, a 
vehicle body inducting at least one vehicle sur&ce which requires washing, a vehicle 

3 
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washing liquid reservoir, a vehicle washing liquid discharge assembly, a vehicle surface 
washer assembly operative to employ the vehicle washing liquid discharge assembly 
and a washing liquid from the vehicle washing liquid reservoir for washing the at least 
one vehicle surface wbicli requires washing and a liquid headng assembly opetative to 
S employ the vehicle washing liquid discharge assembly and the washing liquid from the 
vehicle washing liquid reservoir for providing a spray of heated liquid onto the at least 
one vehicle surface which requires washing, the liquid heating assembly including a 
heat-conductive displaceable element and a liquid heating enclosure deiSning a liquid 
heating volume including a primary liquid heatmg volume portion and a secondary 
10 liquid heating volume portion, separated by the heat-KJonductive displaceable element, 
die primary liquid heating volume portion including a heat exchanger for directly 
heating liquid in the primary liquid heating volume portion and for indirectiy heating 
liquid in the secondary liquid heating volume portion via the heat-conductive 
displacCTient element. 

15 There is further provided in accordance with yet another preferred 

embodiment of the present invention a vehicle including a vehicle chassis including a 
drive train, a vehicle body including at least one vehicle surface which requires 
washing, a vehicle washing liquid reservoir, a vehicle washing liquid discharge 
assembly, a vehicle surface washer assembly operative to employ the vehicle washii^ 

20 liquid discharge assembly and a washing liquid from the vehicle washing liquid 
reservoir for washing the at least one vehicle surface which requires washing, a liquid 
heating assembly operative to employ the vehicle washing liquid discharge assembly 
and the washing liquid from the vehicle washing liquid reservoir for providing a spray 
of heated liquid onto the at least one surface which requires washing and a normally 

25 closed automatically operative valve interconnecting the vehicle washing liquid 
reservoir to the vehicle washing liquid discharge assembly and being operative, when 
open, to bypass the liquid heating assembly. 

In accordance with another preferred embodimmt of the present 
invention the vehicle also includes a vehicle pump connected upstream of the at least 

30 one vehicle washing liqmd reservoir and downstream of the normally closed 
automatically operative valve. Additionally of alternatively, the liquid heating assembly 
includes a heat-conductive displaceable element and a liquid heating enclosure defining 
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a liquid heating volume including a primary liquid heating volume portion and a 
secondary liquid heating volume portion, separated by the heat-conductive displaceable 
element, the primary liquid heatuig volume portion including a heat exchanger for 
directly heatmg liquid in the primary liquid heating volume portion and for indirectly 
5 heatmg liquid in the secondary liquid heating volume portion via the heat-conductive 
displacement element. 

Preferably, the heat-conductive, disfplaceable element includes a resilient, 
flexible element Additionally or alternatively, the heat-conductive displaceable element 
fonns at least a wall both of the primary liquid heating volume portion and of the 
1 0 secondary liquid heating volume portion. 

In accordance wifli yet another preferred embodunent of the present 
invention at least the liquid heating enclosure defines a primary liquid flow pathway in 
the primary liquid heating volume portion and a secondary liquid flow pathway in the 
secondary liquid heatmg volume portion, the secondary liquid flow pathway supplying 
15 liquid to the primary liquid flow pathway. 

In accordance with still anotiier prefenred embodiment of the present 
mvention the primary liquid heating volume portion is formed of a relatively rigid, 
highly heat conductive material. Additionally, the secondary liquid heating volume 
portion is formed of a material which is less rigid and less heat conductive than the 
20 material fonning the primary liquid heating volume portion. 

In accordance with another preferred embodiment of the present 
invention at least the primary liquid flow pathway is defined by the liquid heating 
enclosure and by the heat-conductive displacement element. Additionally or 
alternatively, at least the hquid heating enclosure defines an at least partially turbialent 
25 flow primary liquid flow pathway in the primary liquid heating volume portion and an 
at least partially turbulent flow secondary liquid flow pathway in the secondary liquid 
heating volume portion, the at least partially turbulent flow secondary liquid flow 
patiiway supplying liquid to flie at least partiaUy turbulent flow primary liquid flow 
pathway. Additionally or alternatively, tiie primary liquid heating volume portion is 
30 formed at least partially of a metal material, which is relatively highly heat conductive 
and the secondary liquid heatmg volume portion is formed at least partially of a plastic 
material, which is relatively heat insulative, separated by the heat-conductive 
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displaceable element, formed of a material which is less heat conductive than the metal 
material. Preferably, the heat-conductive displaceable element is formed of a material 
which is more heat conductive than the plastic material. 

In accordance with yet another preferred embodiment of the present 
invention the heat-conductive displaceable element is apertured to pennit liquid 
communication from the secondary liquid heating volume portion to the primary liquid 
heating volume portion. Additionally or alternatively^ the secondary liquid heating 
volume portion includes at least one displaceable outer wall portion providmg freeze 
protection by virtue of its displaceability. Additionaly, the heat-conductive displaceable 
element is operative to be displaced into the secondary liquid heating volume portion 
i^on free2dng of liquid inside the primary liquid heating volume portion. 

In accordance witix still another preferred embodiment of the present 
invention the at least one vehicle surface which reqiures washing includes at least one of 
the following surfaces: a front vehicle windshield sui&ce, a back vehicle windshield 
surface, a side veMcle window surface, a vehicle headligiht surface, a vehicle rear light 
surface, a vehicle radar antenna surfrice and a vehicle exterior mirror sur&ce. 

In accordance with still another prefeired embodiment of the present 
invention the heat-conductive displaceable element is an intervening liquid 
impermeable diaphragm. In accordance with yet another preferred embodiment of the 
present invention the primary liquid heating volume portion is a first conduit element 
and the secondary liquid heating volume portion is a second conduit element 
Additionally, the heat exchanger is defined by the first conduit element and the second 
conduit element. 

In accordance vnlh another preferred embodiment of the present 
invention the normally closed automatically operative valve is a differential pressure 
responsive one-way valve. 

In accordance with still another preferred embodiment of the present 
invention user activation activates the spray of heated liquid onto the at least one vehicle 
surface which requires washing. Additionally or alternatively, automatic activation 
activates the spray of heated liquid onto the at least one vehicle surfece which requires 
washing. Preferably, the automatic activation is provided by an AGC actuation signal. 

6 
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In accordance with yet anotfier prefened embodiment of the present 
invention the liquid heating assembly is operative to employ the vehicle washing liquid 
discharge assembly and the washmg liquid from the vehicle washing liquid reservoir for 
providing a spray of liquid onto a vehicle - windshield surfece and a vehicle radar 
5 antenna surface. 

In accordance with still another preferred embodiment of the present 
invention the vehicle also includes a normally-open valve intercomiectmg vehicle 
windshield sprayers of the vehicle windshield smfece to the vehicle washing liquid 
discharge assembly and being operative, when open, to bypass vehicle radar antenna 

10 sprayers of the vehicle radar antenna surface. In accordance with another preferred 
embodiment of the present invention the vehicle also includes a flow restrictor, 
restricting flow to the vehicle radar anteima sprayers to ensure liquid is supplied to the 
vehicle windshield sprayers when the normally-open valve is opeiL 

There is further provided in accordance with yet another preferred 

15 embodiment of the present invention a liquid heating method including providing a 
liquid heating enclosure defining a liqtdd heating volume including a primary liquid 
heating volume portion and a secondary liquid heating volume portion, separated by a 
heat-conductive displaceable element and directiy heating liquid in the primary liquid 
heatmg volume portion, thereby indirectly heating liquid m tiie secondary liquid heating 

20 volume portion via the heatK:onductive displacement element 

There is further provided in accordance with stiil another preferred 
embodiment of the present invention a vehicle operation method including providing a 
vehicle including at least one vehicle surface which requires washing and washing the at 
least one vehicle surface which requires washing by supplying heated liquid from a 

25 reservohr as a spmy of heated liquid onto flie at least one surface which requires washing 
includmg causmg liquid from the reservoir to be directiy heated in a primary liquid 
heating volume portion and to be indkectiy heated m a secondary liquid heating volume 
portion via a heat-conductive element separatmg the primary and secondary liquid 
heating volimie portions: 

30 There is yet further provided in accordance with still another preferred 

embodfanent of the present invention a vehicle operation method incluiKng providing a 
vehicle including at least one vehicle surface which requires washing and washing the at 
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• least one vehicle surface which requires washing by at least one of supplying heated 
liquid from a liquid reservoir via a Uquid heatmg assembly as a spray of heated liquid 
onto the at least one surface which requires washing and supplying unhealed liquid from 
the liquid reservoir via a normally closed automatically operative valve which, when 
5 open, bypasses the liquid heating assembly. 

In accordance with another preferred embodiment of the present 
invention a vehicle pump connects upstream of the liquid reservoir and downstream of 
the normaUy closed automatically operative valve. 

In accordance with another preferred embodiment of the present 
10 invention the vehicle operation method also includes providing a vehicle mcluding title 
at least one vehicle surface v*dch requires washmg and washmg the at least one vehicle 
surfece which requires washing by supplying heated liquid from the liquid reservoh as a 
spray of heated liquid onto the at least one surface which requires washing including 
causing liquid from the liquid reservoir to be directly heated m a primary liquid heatmg 
15 volume portion and to be indirectly heated in a secondary liquid heating volume portion 
via a heat-conductive element separatmg the primary and secondary liquid heatmg 
volmne portions. 

In accordance with another preferred embodiment of the present 
invention tiie primary and secondary liquid heating volume portions are defined by a 

20 Uquid heating enclosure and the primary liquid heating volume portion includes a heat 
exchanger for dhectly heatmg the Uquid in the primary liquid heating volume portion 
and for indirectly heating the Hquid in flie secondary liquid heating volume portion via 
the heat-conductive displacement element. 

In accordance with stiU another preferred embodiment of the present 

25 invention the heat-conductive displaceable element is resiliently and flexibly 
displaceable. AdditionaUy or alternatively, the heat-conductive displaceable element 
separates the primary Uquid heatmg volume portion and the secondary liquid heating 
volume portion. In accordance witii stiU another preferred embodiment of tiie present 
inventidn the Uquid flows into a primary liquid flow pathway m the primary liquid 

30 heating volume portion from a secondary liquid flow pathway in tbe secondary liquid 
heating volume portion. Additionally or alternatively, at least the Uquid flows in at least 
partiaUy turbulent flow primary liquid flow through the primary liquid heating volume 

S 
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portion following flowing in at least partially turbulent flow secondary liquid flow 
through the secondary liquid heating volume portion. 

In accoidance with yet another preferred embodiment of the present 
invention the liquid flows via an aperture formed in the heat-conductive displaceable 
5 element to permit liquid communication from the secondary liquid heating volume 
portion to the primary liquid heating volimie portion. 

In accordance witii another preferred embodiment of the present 
invention at least one displaceable outer wall portion of the secondary liquid heating 
volume portion is displaced into the secondary liquid heating volume portion upon 

1 0 freezing of liquid inside flie primary liquid heating volume portion. 

In accordance with another preferred embodiment of the present 
invention the washing mcludes an initial spray cycle. Additionally, the indirectiy 
heating liquid in the secondary liquid heating volume portion during a relatively long 
time duration after initial operation of a motor of the vehicle causes the initial spray 

15 cycle to be relatively longer than when the indirectly heating liquid in the secondary 
liquid heating volume portion is during a relatively short time duration after initial 
operation of the motor of the vehicle. Additionally, the supplying heated liquid onto the 
at least one surface is nearly instantaneous when the indu^ectly heating liquid in the 
secondary liquid heating volume portion is for a relatively long time duration after the 

20 initial operation of the motor of the vehicle. 

There is also provided in accordance with another preferred embodiment 
of the present invention a heated liquid discharge system including a main assembly 
which provides liquid heating and includes electrical and liquid flow control 
functionalities, a liquid inflow conduit supplying liquid from a liquid reservoir to the 

25 mam assembly and a liquid outflow conduit supplying liquid to at least one sprayer 
located at at least one location on a motor vehicle, the main assembly including a liquid 
heating chamber communicating with the liquid inflow conduit and the liquid outflow 
conduit and being formed with a liquid drmn aperture located on a side tiiereof which* 
permits draining of liquid from the liquid heating chamber generally down to a level of 

30 the liquid drain aperture. 

In accordance with another preferred embodiment of the present 
invention the draining takes place when a vehicle pump supplymg liquid to the liquid 
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inflow conduit is not in operation. In accordance with another preferred embodiment of 
the present invention the at least one location includes at least one of the following 
locations: front vehicle windshield, back vehicle windshield, side vehicle windows, 
surface vehicle headlights, vehicle rear ligjbts and vehicle exterior mirrors. 
5 In accordance with another preferred embodiment of the present 

invention a vehicle operator actuation switch is electrically coupled to the main 
assembly. Additionally or alternatively, the main assembly is connected to a vehicle 
computer. Alternatively or additionally, the main assembly is connected to a vehicle 
ignition switch. 

10 In accordance with still another preferred embodiment of the present 

invention the main assembly includes a principal housing portion and a cover housing 
portion. Additionally, the principal housing portion defines a generally circular 
cylindrical liquid heating chamber accommodating volume in a major portion of which 
is disposed a liquid heating assembly including the liquid heating chamber. 

15 In accordance with yet another preferred embodiment of the present 

invention the liquid heating chamber includes a generally circular cylindrical outer 
sleeve. Additionally, the liquid healing assembly includes a plurality of heating 
elements located within the liquid heating chamber. In accordance with another 
preferred embodiment of the present invention electrical characteristics of individual 

20 ones of the plurality of heating elements are different from each othen 

In accordance with still another preferred embodiment of the present 
invention the principal housing portion defines a liquid inlet channel and a heated liquid 
outlet channel, both communicating vAfh the liquid heating chamber accommodating 
volume and respectively communicating with the liquid inflow conduit and the liquid 

25 outflow conduit Additionally, the principal housing portion also defines a heated liquid 
temperature sensor mounting aperture which communicates with the liquid heating 
chamber accommodating volume. 

In accordance with yet another preferred embodiment of the present 
invention liquid supplied to tibe liquid heating chamber acconunodating volume via the 

30 fiquid inlet channel enters the liquid heating chamber via at least two liqiud inlet 
apertures formed in the liquid heating chamber includuig a first aperture located near a 
base of the liquid heating chamber and a second aperture located at an opposite side of 

10 
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the liquid heating chamber fiom the first aperture and near a middle of a height of the 
liquid heating chamber. Additionally, during operation of the vehicle pump supplying 
liquid to the liquid inflow conduit a level- of the liquid exceeds the height of the liquid 
heating chamber and fills the liquid heating chamber accommodating volume. 
5 In accordance with another preferred embodiment of the present 

invention the liquid drain aperture is located on a side of the liquid heating chamber just 
below the top fliereof, vAdch permits draining of the liquid fit>m the liquid heating 
chamber accommodatmg volume generally only down to the level of the liquid drain 
aperture when the vehicle pump is not in operation. In accordance with still another 
10 preferred embodiment of the present invention the liquid fi-om the liquid reservoir is 
supplied by the vehicle pump via the liquid mlet conduit via a liquid inlet pathway 
portion of a liquid connector assembly, which also defines a liquid outlet pathway 
portion. 

In accordance with another preferred embodiment of the presrat 

15 mvention the liquid coimector assembly defines a differential pressure bypass pathway 
portion, which is controlled by a one-way valve and which permits liquid flow from the 
liquid inlet pathway portion to the liquid outlet pathway portion when a pressure 
dififerential thereacross reaches a predeterinined threshold, which indicates the existence 
of a blodcage in a liquid path through the liquid heating chamber acconunodating 

20 volume. AdditionaUy, the liquid inlet pathway portion mcludes a leaky one way valve 
which permits supply of liquid under pressure to the liquid heating chamber 
accommodatmg volume but restricts backflow therethrough to a relatively slow rate. 

In accordance with a further preferred embodhnent of the present 
invention the liquid passes through the liquid inlet diannel, fills the liquid heating 

25 chamber accommodating volume and flows into the liquid heating chamber via the first 
and second apertures. In accordance with still another preferred embodhnent of the 
present mvention the liquid is healed in the liquid heating chamber and a temperature of 
the liquid or of ah overlying the liquid, depending on the liquid level of the liquid, is 
sensed by at least one temperature sensor. In accordance with another preferred 

30 embodiment of the present mvention the at least one temperature sensor is mounted 
onto a printed circuit board which is mounted withm the principal housing portion and 
located outside of the Kquid heating chamber accommodatmg volume. 
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In accordance with another preferred embo^ment of the present 
invention the heated liquid discharge system also incliides control circuitry, for 
operation of the main assembly, which is connected to the at least one temperature 
sensor. 

5 In accordance with yet another preferred embodiment of the present * 

invention the heated liquid discharge sysfiem also includes an overheating cut-off fuse 
for shutting off electrical power to at least part of the main assembly in the event of 
overheating of the liquid heatii^ chamber. In accordance with still anotiier preferred 
embodiment of the present invention the fiise is formed with an undersurface of a 

10 resilient material and is retained in tight thermal engagement with tiie imderside of a 
base of the liquid heating element 

In accordance with another preferred embodiment of the present 
invention the liquid drain aperture together with a leaky one-way valve provides both 
overheating and anti-fireezing protection for the main assembly. 

15 In accordance with yet anotiier preferred embodiment of the present 

invention when the liquid is not being pumped into the liquid heating chamber, the 
liquid tends to drain slowly from the liquid heating chamber via the leaky one-way 
valve until a level of liquid in the liquid heating chamber reaches the level of the liquid 
drain aperture, at ^?^4lich point air, rather than liquid is drawn into the liquid outflow 

20 conduit, effectively terminating drainage and retaining liquid inside the liquid heating 
chamber accommodating volume generally at the level of the liquid drain aperture. 

In accordance with still another preferred embodiment of the present 
invention retention of liquid inside the liquid heating chamber at a level generally not 
lower than that of the liquid drain aperture ensures that the level of liquid m the liquid 

25 heating chamber at least covers most of the heating elements located therein, ensuring 
rapid heating of the liquid and avoiding burning out of the heating elements due to lack 
of the liquid in the vicinity tiiereof and retention of the liquid inside the liquid heating 
chamber at a level no higher tiian that of the liquid drain ^erture ensures that sufficient 
freezing expansion volume is provided so that when the vehicle is not being operated 

30 and is in a freeang envfronment, freezing of the liquid therein does not cause cracking 
of the liquid heating chamber. 
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There is yet ftirther provided in accordance with yet another preferred 
embodiment of the present invention a heated liquid discharge system including a main 
assembly which provides liquid heating and includes electrical and liquid flow control 
functionalities, a liquid inflow conduit supplying liquid from a liquid reservoir to the 
5 main assembly and a liquid outflow conduit supplying liquid to at least one sprayer 
located at at least one location on a motor vehicle, the liquid inflow conduit having 
connected in series therewith a leaky one-way valve which permits limited backflow of 
liquid from the main assembly to the reservoir. 

• There is even fiirther provided m accordance with yet another preferred 

10 embodiment of the present invention a heated liquid discharge system including a main 
assembly which provides liquid heating and includes electrical and liquid flow control 
functionalities, a liquid inflow conduit supplying liquid from a liquid reservoir to the 
main assembly and a liquid outflow conduit supplying liquid to at least one sprayer 
located at at least one location on a motor vehicle, the main assembly including a liquid 

IS heating chamber and an electrical circuit board ha\dng mounted thereon a liquid 
temperature sensor which senses temperature of the liquid in the liquid heating 
chamber. 

In accordance with yet another preferred embodiment of the present 
invention the main assembly incliides a liquid heating chamber communicating with the 
20 liquid inflow conduit and the liquid outflow conduit and being formed with a liquid 
drain aperture located on a side thereof which permits draining of liquid from the liquid 
heating chamber generally down to level of the liquid drain aperture via the leaky 
one-way valve. 

In accordance with yet another preferred embodiment of the present 
25 invention the draining takes place when a vehicle pump supplying liquid to the liquid 
inflow conduit is not in operation. In accordance with another preferred embodiment of 
the present hivention the at least one location includes at least one of the following 
locations: front vehicle windshield, back vehicle windshield, side vehicle wmdows, 
surface vehicle headlights, vehicle rear lights and vehicle exterior mirrors. 
30 In accordance with still another preferred embodiment of the present 

invention a vehicle operator actuation switch is electrically coupled to the main 
assembly. Alternatively or additionally, the main assembly is connected to a vehicle 
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computer. Additionally or alternatively, the mmn assembly is connected to a vehicle 
ignition switch. 

In accordance with yet another preferred embodiment of the present 
invention the main assembly includes a principal housing portion and a cover housing 
5 portion. Additionally, the principal housing portion defines a generally circular 
cylindricEd liquid heating chamber accommodating volume in a major pordon of which 
is disposed a liquid heating assembly includuig the liquid heating chamber. 

In accordance with still another preferred embodiment of the present 
invention the liquid heating chamber includes a generally circular cylindrical outer 

10 sleeve. Preferably, the liquid heating assembly includes a plurality of heating elements 
located within the liquid heating chamber. Additionally, electrical characteristics of 
individual ones of the plurality of heating elements are different from each other. 

In accordance with still another preferred embodiment of the present 
invention the principal housing portion defines a liquid inlet channel and a heated liquid 

15 outiet channel, both communicating with the liquid heating chamber accommodating 
volume and respectively communicating with the liquid inflow conduit and the liquid 
outflow conduit Additionally, the principal housing portion also defines a heated liquid 
temperature sensor mounting aperture which communicates with the liquid heating 
chamber accommodating volume. In accordance with yet another preferred embodiment 

20 of the present mvention liquid supplied to the liquid heating chamber accommodating 
volmne via the liquid mlet channel enters the liquid heating chamber via at least two 
liquid inlet apertures formed in the liquid heating chamber including a first aperture 
located near a base of the liquid heating chamber and a second aperture located at an 
opposite side of the liquid heating chamber firom the first aperture and near a middle of 

25 a height of the liquid heatmg chamber. 

In accordance with yet another preferred embodiment of the present 
invention during operation of the vehicle pump supplying liquid to the liquid inflow 
conduit a level of the liquid exceeds the height of the liquid heating chamber and fiUs 
the liquid heating chamber accommodating volume. Additionally, the liquid drain 

30 aperture is located on a side of the liquid heating chamber just below the top thereof, 
which permits draining of the liquid fiom the liquid heating chamber accommodating 
volume generally only down to tiie level of flie liquid drain aperture when the vehicle 
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pump is not in operation. In accordance witli another preferred embodiment of the 
present invention the liquid from the liquid reservoir is supplied by the vehicle pump via 
the Uquid inlet conduit via a liquid inlet pathway portion of a Uquid connector assembly, 
v^ch also defines a liquid outiet pathway pordoiL 

In accordance witii yet anodier preferred embodnnent of the present 
invention tihe liquid connector assembly defines a differential pressure bypass pafliway 
portion, which is controlled by a one-way valve and which pamits liquid flow fiom tiie 
liquid inlet pathway portion to the liquid ouflet pathway portion when a pressure 
differential thereacross reaches a predetermined threshold, which indicates the existence 
of a blockage m a liquid path through the Uquid heating chamber accommodatmg 
volume. In accordance with yet another preferred embodiment of the present mveotion 
the liquid mlet pathway portion includes a leaky one way valve which permits siqjply of 
liquid under pressure to the liquid heating chamber accommodatmg volume but restricts 
backflow therethrough to a relatively slow rate. 

In accordance .with another preferred embodiment of the present 
invention the liquid passes through the Uquid inlet channel, fiUls the Uquid heating 
diamber accommodating volume and flows into the liquid heating chamber via the first 
and second apotures. 

In accordance with yet another preferred embodiment of the present 
invention flie liquid is heatesd m the Uquid heating chamber and a temperature of tiie 
Uquid or of ak overlying the Uquid, depeiiding on the Uquid level of the Uquid. is sensed 
by the Uquid temperature sensor. 

In accordance witii yet anotfier preferred embodnnent of the present 
invention the at Uquid temperature sensor is mounted onto a printed circuit board which 
is mounted wifliin the principal housing portion and located outside of tiie Uquid heating 
chamber accommodating volume. 

In accordance with yet another preferred embodiment of the present 
invention tiie heated Uquid discharge system also includes control circuitry, for 
operation of ttie main assembly, which is connected to tiie liquid tempemture sensor. 

In accordance witii another preferred embodiment of tiie preset 
invention tiie heated liquid discharge system also mcludes an overheating cut-off fuse 
for shutting off electrical power to at least part of flie main assembly m tiie event of 

15 
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overheating of the liquid heating chamber. Preferably, the fuse is formed with an 
undersurface of a resilient material and is retained in tight thermal engagement with the 
underside of a base of the liquid heating element. 

In accordance with another preferred embodiment of the present 
5 invention the liquid drain aperture together with the leaky one-way valve provides both 
overheating and anti-fireezing protection for the main assembly. 

In accordance with yet another preferred embodiment of the present 
invention when the liquid is not being pumped into the liquid heating chamber, the 
liquid tends to drain slowly from the liquid heating chamber via the leaky one<*way 

10 valve until a level of liquid in the liquid heating chamber reaches the level of the liquid 
drain aperture, at which point air, rather than liquid is drawn into the liquid outflow 
conduit, effectively terminating drainage and retaining liquid inside the liquid heating 
chamber acconouniodating volume generally at the level of the liquid drain aperture. 

In accordance with still another preferred embodiment of the present 

15 invention retention of liquid inside the liquid heating chamber at a level generally not 
lower than that of the liquid drain aperture ensures that the level of liquid in the liqvud 
heating chamber at least covers most of the heating elements located therein, ensuring 
rapid heating of the liquid and avoiding burning out of the heating elements due to lack 
of the liquid in the vicinity thereof and retention of the liquid inside the liquid heating 

20 chamber at a level no. higher than that of the liquid drain aperture ensures that sufficient 
freezing expansion volume is provided so that when the vehicle is not being operated 
and is in a freezing environment, freezing of the liquid therein does not cause cracking 
of the liquid heating chamber. 

There is yet further provided in accordance with still another preferred 

25 embodiment of the present invention a heated liquid discharge method including 
supplying liquid from a liquid reservoir to a liquid heating chamber included in a main 
assembly, heating the liquid in the liquid heating chamber, supplying heated liquid from 
the liquid heating chamber to at least one sprayer located at at least one location on a 
motor vehicle and draining of liquid to the liquid reservoir from the liquid heating 

30 chamber generally down to a predetermined level in the liquid heating chamber. 

In accordance with another preferred embodiment of the present 
invention tiie supplying liquid from a liquid reservoir to a liquid heating chamber is via 
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a liquid inflow conduit and the supplying heated liquid from the liquid heating chamber 
to the at least one sprayer located at at least one location on a motor vehicle is via a 
liquid outflow conduit. Additionally or alternatively, the draining is via a liquid drain 
aperture located on a side of the liquid heating chamber. Preferably, the draining takes 
5 place when a vehicle pump supplying liquid to the liquid inflow conduit is not in 
operation. 

In accordance with yet another preferred embodiment of the present 
invention the at least one location includes at least one of the following locations: front 
vehicle windshield, back vehicle windshield, side vehicle windows, surfece vehicle 
1 0 headlights, vehicle rear lights and vehicle exterior mirrors. 

In accordance with another preferred embodiment of the present 
invention the heated liquid discharge itiethod also includes electrically coupling a 
vehicle operator actuation switch to the main assembly. 

In accordance with another preferred embodiment of the present 
15 invention the heated liquid discharge method also mcludes connecting the main 
assembly to a vehicle computer, hi accordance with another preferred embodunent of 
the present invention the heated liquid discharge method also includes connecting the 
main assembly to a vehicle ignition switch. 

In accordance with another preferred embodiment of the present 
20 mvention the heatmg the liquid in the liquid heating chamber is provided by a plurality 
of heatmg elements located within the liquid heating chamber. In accordance with 
another preferred embodiment of the present hivention electrical characteristics of 
individual ones of the plurality of heating elements are Afferent from each other. 

In accordance with another preferred embodiment of the present 
25 invention the liquid flows to the liquid heatmg chamber via a liquid inlet chaimel and 
enters the liquid heatuig chamber via at least two liquid inlet apertures formed in tiie 
liquid heating chamber including a first aperture located near a base of the liquid 
heating chamber and a second aperture located at an opposite side of the liquid heating 
chamber from the first aperture and near a middle of a height of the liquid heating 
30 chamber. 

In accordance with another preferred embodiment of the present 
invention during operation of tiie vehicle pump supplying liquid to the liquid inflow 

17 



Copy provided by USPTO from the IFW Imaae Database on 09/ifi/9ftftf! 



conduit a level of the liquid exceeds the height of the liquid heating chamber and fills a 
liquid heating chamber accommodating volume defined withm the liquid heating 
chamber. 

In accordance with still another preferred embodiment of the present 
5 invention die liquid drain aperture is located on a side of the liquid heating chamber just 
below the top thereof, which permits the draining of the liquid from the liquid heating 
chamber accommodating volume generally only down to the level of the liquid drain 
aperture when the vehicle pump is not in operation. 

In accordance with still another preferred embodiment of the present 
10 invention the liquid from the liquid reservoir is supplied by the vehicle pump via the 
liquid inlet conduit via a liquid inlet pathway portion of a liquid connector assembly, 
which also defines a liquid outlet pathway portion. 

In accordance with still another preferred embodiment of the present 
invention the heated liquid discharge method also includes controlling a differential 
15 pressure bypass pathway portion defined within a liquid connector assembly by a 
one-way valve, the one-way valve permits liquid flow from the liquid inlet pathway 
portion to the liquid outiet pathway portion when a pressiire differential thereacross 
reaches a predetermined threshold, which indicates the existence of a blockage in a 
liquid path through the liquid heating chamber accommodating volume. 
20 In accordance with yet another preferred embodiment of the present 

invention the heated liquid discharge method and also mcludes permitting supply of 
liquid under pressure to the liquid heating chamber accommodating volume but 
restricting backflow therethrough to a relatively slow rate. 

In accordance with another preferred .embodimmt of the present 
25 invention the liquid passes through the liquid mlet channel, fills the liquid heating 
chamber accommodating volume and flows mto the liquid heating chamber via the first 
and second apertures. 

In accordance witii still another preferred embodiment of the present 
invention the heated liquid discharge method also uicludes sensing a temperature of the 
30 liquid m the liquid heating chamber or of air overlying the liquid, dependmg on the 
liquid level of the liquid, by at least one temperature sensor. 
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In accordance with still aiiother preferred embodiment of the present 
invention the heated liquid discharge method also includes operating the main assembly 
by a control circuitry, for operation of the main assembly, which is connected to the at 
least one temperature sensor. 
S In accordance with still another preferred embodiment of the present 

invention the heated liqmd discharge method also includes shutting ofif electrical power 
to at least part of the main assembly in the event of overheating of the liquid heating 
chamber by an overheating cut-ofF fuse. Preferably, flie fuse is formed with an 
undersurface of a resilient material and is retained in tight thermal engagement with the 

1 0 underside of a base of the liquid heating element. 

In accordance with yet another preferred embodiment of the present 
invention the heated liquid discharge method also includes providing both overheating 
and anti-freezing protection for the main assembly by the liquid drain aperture together 
with a leaky one-way valve. 

IS In accordance with still another preferred embodiment of the present 

invention when the liquid is not being piraiped into the liquid heating chamber, the 
liquid tends to drain slowly from the liquid heating chamber via the leaky one-way. 
valve until a level of liquid in the liquid heating chamber reaches a level of the liquid 
drain aperture, at which point air, rather than liquid is drawn into the liquid outflow 

20 conduit, effectively terminating drainage and retoining liquid inside the liquid heating 
chamber accommodating volume generally at the level of the liquid drain aperture. 

In accordance with still another preferred embodiment of the present 
invention retention of liquid inside the liqmd heating chamber at a level generally not 
lower than that of the liquid drain aperture ensures that the level of liquid in the liquid 

25 heating chamber at least covers most of the heating elements located therein, ensuring 
rapid heating of the liquid and avoiding bimiing out of the heating elements due to lack 
of the liquid in the vicinity thereof and retention of the liquid inside the liquid heating 
chamber at a level no higher than that of the liquid drain aperture ensures that sufficient 
freezing e^^ansion volume is provided so that when the vehicle is not being opemted 

30 and is in a freezmg environment, freezing of the liquid therein does not cause cracking 
of tile liquid heating chamber. 
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There is also provided in accordance with still another preferred 
embodiment of the present invention a heated liquid discharge method including 
supplymg liquid from a liquid reservoir to a liquid heating chamber, heating the liquid 
in the liquid heating chamber, supplying heated liquid from the liquid heating chamber 
5 to at least one sprayer located at at least one location on a motor vehicle and draining of 
liquid to the liquid reservoir from the liquid heating chamber via a leaky .one-way valve. 

There is further provided in accordance with yet another preferred 
embodiment of the present invention a heated liquid discharge method including 
supplying liquid from a liquid reservoir to a liquid heating chamber, heating the liquid 
10 in the liquid heating chamber, supplying heated liquid from the liquid heating chamber 
to at least one sprayer located at at least one location on a motor vehicle, sensing a 
temperature of the heated liquid and separately sensing a temperature of the liquid 
heating chamber. 

15 362. A heated liquid discharge method according to claim 361 and also 

including draining of the liquid to the liquid reservoir from the liquid heating chamber 
generally down to a predetermined level in the liquid heating chamber. 

In accordance with another preferred embodiment of the present 
invention the supplying liquid from a liquid reservoir to a liquid heating chamber is via 

20 a liquid inflow conduit and the supplying heated liquid from the liquid heating chamber 
to the at least one sprayer located at at least one location on a motor vehicle is via a 
liquid outflow conduit. 
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iSRIEF DESCRIPTION OF THE DRAWINGS AND APPENDIX 



The present invention will be understood and appreciated from the 
5 following detailed description, taken in conjunction with the drawings and appendix in 
which: 

Fig« 1 is a simplified partially pictorial and pardaliy schematic 
illustration of a heated Kquid discharge system constructed and operative in accordance 
with a preferred embodiment of the present invention installed in a motor vehicle; 
10 Figs. 2 A and 2B are, respectively, a simplified pictorial illustration and a 

simplified partially exploded view illustration of an assembly forming part of the system 
of Fig. 1; 

Fig. 3 is a simplified exploded view illustration of part of the assembly 
shown in Figs. 2A and 2B; 

15 Fig- 4 is a simplified exploded view illustration of a subassembly of the 

assembly shown in Figs. 2B and 3; 

Fig. 5 is a simplified illustration of one of the elements of the 
subassembly shown in Fig. 4; 

Fig. 6A^ 6B and 6C are, respectively, a simplified illustration of another 
20 embodiment of some of the elements of the subassembly shown in Fig. 4, a sectional 
illustration taken along Imes VIB - VIB in Fig. 6A and a partial sectional illustration 
taken along lines VIC - VIC in Fig. 6B; 

Fig. 7A and 7B are, respectively, a simplified illustration of another 
embodiment of some of flie elements of the subassembly shown in Fig. 4 and a sectional 
25 illusCration taken along lines VIIB - VIIB in Fig. 7A; 

Fig, 8 is a sectional illustration of the subassembly shown in Fig. 4 in two 
operative orientations; 

Fig. 9A and 9B axe, respectively, a Amplified illustration of another 
embodiment of the elements shown in Figs. 7A & 7B and a sectional illustration taken 
30 along lines DCB -EXB in Fig. 9A; 
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Fig. 10 is a sectional illustration of another embodiment of the 
subassembly shown in Fig. 4 and which incorporates the embodiment of Figs, 9 A & 9B, 
in two operative orientations; 

Fig. 11 is a simplified timing diagram illustratmg the operation of the 
5 S3rstem of Figs. 1 - 10; 

Fig. 12 is a simplified partially pictorial and partially schematic 
illustration of a heated liquid discharge system constructed and operative in accordance 
with another preferred embodiment of the present invention installed in a motor vehicle; 

Figs. 13A and 13B are, respectively, a simplified pictorial illustration and 
10 a sunplified partially exploded view illustration of an assembly forming part of the 
system of Fig. 12; 

Fig. 14 is a simplified exploded view illustration of part of the assembly 
shown in Figs. 13A and 13B; 

Fig. IS is a simplified timing diagram illustrating the operation of the 
15 system of Figs. 12 - 14; 

Fig. 16 is a simplified partially pictorial and partially schematic 
illustration of a heated liquid discharge system constructed and operative in accordance 
with yet another preferred embodiment of the present invention installed in a motor 
vehicle; 

20 Figs. 17A and 17B are, respectively, a simplified pictorial illustration and 

a simplified partially exploded view illustration of an assembly forming part of the 
system of Fig. 16; 

Fig. 18 is a simplified exploded view illustration of part of the assembly 
shown in Figs. 1 7 A and 1 7B; 
25 Fig. 19 is a simplified illustration of a heated liquid discharge system 

constructed and operative in accordance with another preferred embodiment of the 
present invention mounted in a motor vehicle; 

Fig- 20 is a simplified exploded view illustration of a portion of the 
heated liquid discharge system of Fig. 19; 
30 Figs. 21A & 21B are simplified firont view and back view pictorial 

illustrations corresponding to Fig. 20; 
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Fig- 22 is a sdmplifled sectional illustration taken along lines XXn - XXII 

in Fig. 21 A; 

Fig; 23 is a simplified sectional illustration taken along lines XXIII - 
XXininFig.21A;and 

5 Figs. 24A, 24B, 24C/1. 24C/2, 24C/3, 24D, 24E, 24F, 24G & 24H are 

together an electrical schematic illustration of the circuitry of the system of Figs. 19 - 
23. 

BRIEF DESCRIPTION OF THE APPENDIX 
10 The Appendix includes a computer listing which form a heated liquid 

discharge system in accordance with a preferred software embodiment of the present 
invention when installed in accordance with installation instructions set forth 
hereinbelow. 

15 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



Reference is now made to Fig. 1, \sdiich is a simplified pictorial 

5 illustration of a heated liquid discharge system constructed and operative in accordance 
with a preferred embodiment of the present invention installed in a motor vehicle. As 
seen in Fig. 1, an otherwise conventional motor vehicle 100 is seen to incorporate a 
heated liquid discharge system 102 constructed and optative in accordance with a 
preferred embodunent of the present invention. The heated liquid discharge system 

10 preferably includes a vehicle washing liquid discharge assembly, a vehicle surface 
washer assembly and a main assembly 104, which provides liquid heating as well as 
electrical and liquid flow control functionalities. Main assembly 104 is electrically 
connected via electrical cables 106 to a vehicle battery 108. It is appreciated that vehicle 
washing liquid discharge assembly and vehicle surface washing assembly are preferably 

15 a part of conventional motor vehicle 1 00. 

A liquid inflow conduit 110 supplies washing liquid, such as water or 
windshield cleaning liquid, fixjm a vehicle liquid reservoir 112, having an associated 
vehicle pump 114, to main assembly 104. Liqidd inflow conduit 110 preferably includes 
first and second branches 116 and 118. Branch 116 is coupled to an output of vehicle 

20 pump 114, while branch 118 is coupled directiy to the interior of reservoir 112. Thus 
liquid may be obtained from reservoir i 12 independentiy of whether vehicle pump 1 14 
is in operation. A one-way valve 120 is preferably provided along branch 118, to 
prevent liquid pmnped by vehicle pump 114 from returning to the reservoir 112 via 
branch 118. 

25 A liquid outflow conduit 122 supplies washing liquid to one or more 

sprayers 124, which may be located at one or more of the following vehicle surfeces 
vAdch requires washing: fix>nt vehicle windshield, back vehicle windshield, side vehicle 
windows in general and especially in locations providing viewing access to vehicle 
exterior mirrors, vehicle headlights, vehicle rear lights and vehicle exterior mirrors. 

30 A vehicle operator actuation switch 130, typically located on the vehicle 

dashboard, is electrically coupled to main aissembly 104 by a control conductor 132. 
Additional control conductors of any suitable number, here designated by refermce 
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numeral 134, may couple the main assembly 104 to a vehicle computer (not shown) or 
to mdividual vehicle components, such as vehicle pump 114 or vehicle windshield 
wipers 135. One or more sensor conductors, here designated by reference numeral 136, 
may couple one or more external sensors 137, such as, for example, temperature 
sensors, vehicle speed sensors and humidity sensors, to the main assembly 104, either 
directly or via flie vehicle computer. 

In accordance with a preferred embodiment of the present invention, 
main assembly 104 may have associated therewith, typically in a subassembly 140, an 
auxiliary pump 142 in series along the liquid inflow conduit 1 10. Preferably, a one-way 
valve equipped bypass conduit 144 is provided m paiaUel to auxiliary pump 142 for 
permitting liquid ingress to main assembly 104 along liquid outflow conduit 122, even 
if auxiliary pump 142 feils to function. A one way valve 146 is arranged along bypass 
conduit 144 so as to prevent backflow of the output of auxiHary pump 142 in a direction 
away from main assembly 104. 

Additionally, in accordance with a preferred embodiment of the. present 
invention, a normally closed automaticaUy operative valve, which is preferably a 
differential pressure responsive one-way valve 148 interconnects liquid ovttflow conduit 
122 and liquid inflow ccmduit 110. Differential pressure responsive one-way valve 148 
is opened when a pressure difEsrence thereacross exceeds a predetermined flireshold, 
typically 0.3 - 0.5 bar, so as to enable normal operation of vehicle sprayers 124 in 
response to conventional vehicle actuation of vehicle pump 114, notwithstanding 
malfunction of the main assembly 104. 

Reference is now made to Figs. 2A and 2B, whidi are, req)ectively, a 
smqslified pictorial illustration and a amplified partially exploded view iUustration of 
the mam assembly 104, formmg part of the system of Fig. 1. As seen in Fig. 2A, the 
main assembly 104 preferably comprises a housing 200, including a base 202 and a 
cover 204, which are preferably mounted onto vehicle 100 (Fig. 1) by means of a 
mounting bradcet 206. 

As seen with greater particularity in Fig. 2B. the main assembly 104 
comprises a Hquid heating subassembly 208, which preferably includes a heat 
exchanger preferably m the fonn of a primary Uquid heating volume portion and a 
secondary Uquid heating volume portion. Primary liquid heating volume portion and 
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secondary liquid heating volume portion are preferably in the form of first and second 
conduit elements 210 and 212, which are preferably bolted together. First and second 
conduit elements 210 and 212 define a liquid heating enclosure which an interior 
tiiereof defines a liquid heating volume. Preferably, mounted onto liquid heating 
5 subassembly 208 there is provided an electrical control subassembly 214, typically 
comprising an electrical circuit board 216 and a plurality of heating elements, preferably 
three in number, designated by reference numerals 218, 220 and 222. An electrical 
connector 224, of conventional construction, provides electrical cozmections for control 
conductors 132 & 134 and sensor conductor 136, v^ch are preferably connected to 

10 pads on circuit board 216. Cables 106, which provide connection to the vehicle battery 
108 (Fig. 1), typically are coupled directly to the circuit board 216. A liquid temperature 
sensor 226, which senses the tempemture of liquid as it leaves the liqmd heating 
subassembly 208, is also coupled directly to the circuit board 216. 

Electrical circuitry on electrical circuit board 216 provides, inter alia, 

15 control of the operation of liquid heating elements 218, 220 and 222, preferably by 
means of first and second relays 228 and 230 and a FET 232 (Field-Effect Transistor), 
respectively. 

Communicating with first and second conduit elements 210 and 212 and 
with respective liquid outflow conduit 122 and liquid inflow conduit 110 are liquid 
20 outflow and liquid inflow connectors 240 and 242 respectively, which are seen to be 
interconnected by differential pressure responsive one-way valve 148. Aiixiliary pump 
142, bypass conduit 144 and one-way valve 146 are seen disposed in liquid inflow 
connector 242, it being appreciated that altematively they may be located externally 
thereof. 

25 Reference is now made to Fig. 3, which is a simplified exploded view 

aiustrationNthe of part of tiie assembly shown in Figs. 2A & 2B, to Fig. 4, which is a 
simplified e3q>loded view illustration of the liquid heating subassembly 208 shown in 
Figs. 2B and 3 and to Fig. 5, which is a simplified illustration of one of ttie elements of 
the liquid heating subassembly 208 shown in Fig. 4. 

30 As seen in Fig. 3, relays 228 and 230 and FET 232, as well as other 

electrical components (not shown), are typically mounted onto printed circuit board 
216, which is, in turn, mounted onto first conduit element 210, preferably by means of 
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screws 234 and spacers 236. First conduit element 210 is preferably formed of a good 
conductor, such as aluminum, and has mounted thereon, in heat exchange relationship, 
the three heating elements 218, 220 and 222, preferably by means of screws 238. 

Second conduit element 212 is preferably formed of a somewhat flexible 
5 and resilient material, such as LEXAN ®, and is preferably sealed as by screws 240 to 
210 and to a heat-conductive displaceable element, which is preferably an intervening 
liquid impermeable diaphragm 250, The diaphragm may be an element separate from 
the second conduit element, as shown in Figs. 3, 4, 6A, 6B, 7A, 7B & 8, or alternatively 
may be integraUy formed with the second conduit element, as illustrated in Figs. 9A, 9B 

10 and 10 and described hereinbelow. Fig. 4 illustrates typical general configurations of 
conduits defined by first and second conduit elements 210 and 212 extending from a 
liquid ingress opening 252 in second conduit element 212, via a conduit 254 defined 
therein and via one or more apertures 256 fonned in diaphragm 250, through a conduit 
258 formed in first conduit element 210 and out through a heated liquid egress opening 

15 260 fonned in the first conduit element 210. 

It is a particular feature of the embodiment of Fig- 5 that the conduit 258 
defined by the first conduit element 210 includes a plurality of bifurcated conduit 
portions, including straight bifiircated portions 262 and curved bifurcated portions 264. 
The function of the bifiircated conduit portions 262 and 264 is to generate turbulence 

20 and generally to help cause the flow of liquid therethrough to be such that generally all 
of the liquid flowing through the first conduit element 210 is in heat exchange contact 
with the walls of the conduit 258 to generally the same extent. For example, the 
provision of bifincated conduit portions 262 and 264 prevents the occurrence of a 
situation vliere a portion of the liquid is generally in contact with the walls of the 

25 conduit 258 while another portion thereof is generally not in contact with the walls of 
tiie conduit 258. The provision of bifurcated conduit portions is intended to enhance the 
speed and uniformity of liquid heating. 

It is noted that conduit 258 may be configured to have side walls having 
a wavy configuration so as to fiirther exihance the speed and uniformity of liquid 

30 heating. 

Reference is now made to Fig. 6A, 6B and 6C, which are, respectively, a 
simplified illustration of another embodiment of some of tiie eliements of the 
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subassembly shown in Fig. 4, a sectional illustration taken along lines VIB - VIB in Fig. 
6A and a sectional illustration taken along lines VIC - VIC in Fig. 6B. Similarly to that 
seen in Fig. 5, a conduit 265 defined by a first conduit element 266 includes a plurality 
of bifurcated conduit portions, including straight bifurcated portions 267 and ciuved 
5 bifurcated portions 268. The function of the bifurcated conduit portions 267 and 268 is 
to generate turbulence and generally to help cause the flow of liquid therethrough to be 
such that generally all of the liquid flowing throu^ the first conduit element 266 is in 
heat exchange contact with the walls of the conduit 265 to generally the same extent 

In the embodiment of Figs. 6A, 6B & 6C, a top conduit wall 269 defined 

10 by first conduit element 266 and a bottom conduit wall 270, defined by a diaphragm 
271, are configured to have a wavy, toothed or otherwise non-smooth configuration to 
further help cause the flow of liquid therethrough to be turbulent and such that generally 
all of the liquid flowing through the first cdnduit element 266 is in heat exchange 
contact with the walls of the conduit 265 to generally the same extent. Thus, a situation 

15 where a portion of the liquid is generally in contact with the walls of the conduit 265 
while another portion thereof is generally not in contact with the walls of the conduit 
265 is substantially obviated and the speed and uniformity of liquid heating is 
correspondingly enhanced. 

It is noted that conduit 265 may be additionally configured to have side 

20 walls having a wavy configuration so as to further enhance the speed and uniformity of 
liquid heating. 

Reference is now made to Fig. 7A, which is a simplified illustration of 
one embodiment of the second conduit element 212 shown in Figs. 2A - 5, to Fig. 7B, 
which is a sectional illustration taken along lines VIIB - VIIB in Fig. 7A, and to Fig. 8, 

25 vAich is a sectional illustration of Fig. 4 in two operative orientations. Figs. 7A and 7B 
illustrate a relatively resiUent and flexible second conduit element 212 in association 
witii resilient and flexible di^hragm 250. Liquid entering second conduit element 212 
at liquid mgress opening 252 travels along a labyiinthme path defined by relatively rigid 
baffles 272 between a relatively flexible and resilient base 274, preferably mtegrally 

30 formed with baflBes 272 and diaphragm 250. The Uquid exits the second conduit 
element 212 via one or more ^ertures 256 formed in diaphragm 250. 
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As illustrated pardcularly in Fig. 8, the pxovision of second conduit 
element 212 provides freezing protection for the liquid heating subassembly 208, such 
that, when liquid freezes in the first conduit element 210, its expansion causes 
diaphragm 250 to bow outwardly fiom first conduit element 210 and to expand into the 
5 volume of second conduit element 212* Accordingly, expansion of the liquid in first 
conduit element 210 is accommodated without producing possible cracking or other 
damage to the first conduit element 210. Freezing of the liquid in the second conduit 
element 212 and displacement of the diaphragm 250 into ttie volume of the second 
conduit element is accommodated by outward bowing of the resilient base 274. 

10 The structure of the liquid heating subassembly 208 as described 

hereinabove, including a first conduit element 210, having heating elements directed 
associated therewith, and a second conduit element 212, not having heating elements 
directly associated therewith, but nevertheless being in a relatively slow heat exchange 
relationship with the first conduit element 210, also has the advantage of providing a 

15 limited pre*heating functionality for liquid supplied Scorn reservoir 1 12 (Fig. 1), first to 
the second conduit element 212 and therefrom to the first conduit element 210. 

It is noted that second conduit element 212 may be provided with heating 
elements (not shown). 

Reference is now made to Fig. 9A, which is a simplified illustration of an 

20 alternative to the embodiment of the second conduit element 2 12 shown in Figs. 2 A - 5, 
to Fig. 9B, which is a sectional illustration taken along lines IXB - TXB in Fig. 9A, and 
to Fig. 10, which is a sectional illustration of another embodiment of the subassembly 
shown in Fig. 4 and which incorporates the embodiment of Figs. 9A & 9B, in two 
operative orientations. Figs. 9A and 9B illustrate a relatively resilient and flexible 

25 second conduit element 282, preferably integrally formed with a resilient and flexible 
diaphragm 284, Liquid entering second conduit element 282 at a liquid ingress opening 
286 travels along a labyrinthine path defined by relatively rigid baffles 288 between a 
relatively flexible and resilient base 290, preferably bonded to baffles 288 and 
diaphragm 284. The liquid exits the second conduit element 282 via one or more 

30 apertures 292 formed in diaphragm 284. 

As illustrated particularly in Fig. 10, the provision of second conduit 
element 282 provides fi:eezmg protection for the liquid heating subassembly 208, in 
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that, when liquid fireezes in the first conduit element 210, its expansion causes 
diaphragm 284 to bow outwardly firom first conduit element 210 and to expand into the 
volume of second conduit element 282. Accordingly, expansion of the liquid in first 
conduit element 210 is accommodated without producing possible cracking or other 
5 damage to the first conduit element 210. Freezing of the liquid .in the second conduit 
element 282 and displacement of the diaphragm 2S4 into the volume of the second 
conduit element 282 prefi^ably is accommodated by outward bowing of the resilient 
base 290. 

The structure of the liquid heating subassembly 208 as described 

10 hereinabove, including a first conduit element 210, ha\dng heating elements directed 
associated therewith, and a second conduit elenient 282, not having heating elements 
directly associated therewith, but nevertheless being in a relatively slow heat exchange 
relationship with the first conduit element 210, also has the advantage of providing a 
limited pre-heating functionality for liquid supplied fitjm reservoir 1 12 (Fig. 1), fibrst to 

15 the second conduit element 282 and therefirom to the first conduit element 210. 

Reference is now made to Fig. 11, which is a simplified timing diagram 
illustrating the operation of the system of Figs, 1 - 10. As seen in Fig. 11, system 
actuation is preferably initiated by a user, such as the driver of motor vehicle 100 (Fig. 
1) pressing an operator actuation switch 130, typically located on the vehicle dashboard, 

20 as seen in Fig. 1. It is noted, however, that preferably, at all times that the vehicle is 
running, even prior to operator actuation of switch 130, FET 232 (Figs. 2B & 3) 
operates heating element 222 in a continuous manner, so as to maintain liquid within the 
liquid heatmg subassembly 208 at a temperature of at least 65 degrees Centigrade, for 
example. If the ambient temperature at the liquid heating subassembly 208 exceeds the 

25 liquid maintenance temperature, FET 232 is preferably caused to termmate or curtail 
operation of heating element 222 so as to avoid overheating. 

Upon user actuation of switch 130, relays 228 and 230 are preferably 
operated to operate respective heating element 218 and 220, which provide immediate 
boosted heating of tiie liquid witiiin first conduit element 210. When sensor 226 senses 

30 tiiat the temperature of the liqmd within the first conduit element 210 has reached a first 
predetermined elevated temperature, typically 85 degrees Centigrade, one or both of 
pumps 114 and 142 are operated to pump heated liquid out firom the first conduit 
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element 210 and to cause the heated liquid to be sprayed by sprayeis 124. The opoation 
of one or both of pumps 114 and 142 causes unhealed or less heated liquid fiom 
reservoir 112 to be si^plied uiitiaMy to second conduit element 212 and thereafter to 
first conduit element 21 0 for heating thereof 

In the short term, ifae aforesaid operation of one or boflj of pumps 114 
and 142 causes a drop m the temperature of ihe Uquid as measured by sensor 226. When 
the temperature of the Uquid, as sensed by sensor 226, drops below a predetermined 
threshold temperature, typically 55 degrees Centigrade, operation of Ihe pumps 114 and 
142 is terminated. When further heating again raises the temperature of the liquid, 
SMised by sensor 226, to a second predetemiined elevated temperature, preferably less 
than the first predetermined threshold temperature, typicaUy 65 degrees, pump operation 
is resumed. This mtermittent operation of one or both pumps 114 and 142 continues for 
a predetermined number of cycles or for a predetermined time duration following user 
actuation of switch 130, typically four cycles. ' 

It is noted tiiat die electrical power requirements of tiie system inraease 
substantially upon user actuation of the switch 130 and remain generally constant until 
completion of the last cycle following such actuation. 

It is additionally noted that the initial spray cycle, designated by 
reference numeral 300, is typically longer tiian tiie subsequent spray cycles, designated 
by referraice numeral 302, for eadi user actuation of switch 130. It is further noted that 
when the user actuation of switch 130 takes place unmediately after initiation of 
operation of FET 232 and heating element 222, such as witiiin 1 - 2 minutes following 
initial operation of the motor vehicle 100, tiie mitial spray cycle 300, is shorter than tiie 
initial spray cycle 304 in a case when the user actuation of switch 130 takes place 
si^iificantly later than initial operation of die motor vehicle 100. 

It is additionally noted that tiie time delay between operator actuation of 
switch 130 and initiation of the mitial spray cycle 300 is significantly longer flian die 
time delay between operation actuator of switoh 130 and initial spray cycle 304, which 
is nearly instantaneous. This feature is due partially to tiie particular structure of fbs 
Uquid heating subassembly 208 as described hereinabove, uicluding a first conduit 
element 210, having heating elements directed associated tiierewitii, and a second 
conduit element, designated by reference numeral 212 in Figs. 2A - 8 and 282 in Kgs. 
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9A • 10, not having heating elements directly associated therewith, but nevertheless 
being in a relatively slow heat ^change relationship with the first conduit element 210. 
Liquid heating subassembly 208 also has the advantage of providing a lunited 
pre-heating fimctionalily for liquid supplied fi-om reservoir 112, first to the second 
5 conduit element, designated by reference numeral 212 in Figs. 2A - 8 and 282 in Figs. 
9 A - 10, and th^efirom to Hie first conduit element 210. The provision of the second 
conduit element, designated by reference numeral 212 Figs. 2A - 8 and 282 in Figs. 9 A 
- 10, does not significantly adversely affect the speed of providing an initial spray cycle 
300 of heated liquid immediately after initial vehicle operation, but does significantly 
10 positively affect the speed of providing an initial spray cycle 304 of heated liqmd a 
significant time after initial vehicle operation. 

This beneficial functionality results firom the fact that diaphragm acts as a 
good thermal insulator in the short term and prevents significant heat loss firom the first 
conduit element 210 during quick heatmg of the liquid therein, but allovra heat to pass 
15 therethrough 'm the long term, for heathy of liquid in both the first and the second 
condmt elements to the second predetermined t^perature csvisa prior to operator 
actuation of switch 130. 

Accordingly, once the vehicle has been running for a significant time, 
operator actuation of switch 130 produces a nearly instantaneous initial spray cycle 304 
20 of heated liquid and furthermore the quantity of heated liquid which is sprayed is 
significantly greater, typically up to a factor of 3, than the quantity of heated liquid 
which is available for spraying immediately following initial vehicle operation. 

Reference is now made to Fig. 12, which is a simplified, pictorial 
illustration of a heated liqiiid discharge system constructed and operative in accordance 
25 vwth a preferred embodiment of the present invention installed in a motor vehicle. As 
seen in Fig. 12, an otherwise conventional motor vehicle 1100 is seen to incorporate a 
heated liquid discharge system 1102 constructed and operative in accordance wnifh a 
preferred embodiment of the present invention. The heated liquid discharge system 
preferably includes a main assembly 1104, which provides liquid heating as well as 
30 electrical and liquid flow control fiinctionalities. Main assembly 1104 is electrically 
connected via electrical cables 1 1 06 to a vehicle battery 1 108. 
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A liquid inflow conckiit 1110 supplies washing Kquid, such as water or 
cleaning Kquid, fiom a vehicle Uquid reservoir 1 1 12. having an associated vehicle pump 
1 1 14, JO main assembly 1 104. Liquid inflow conduit 1110 preferably includes first and 
second branches 1116 and 1118. Branch 1116 is coupled to an output of vehicle pump 
5 1114, while branch 1118 is coupled directly to the interior of reservoir 1112. Hius 
liquid may be obtamed fiom reservoir 1112 independently of whether vehicle pump 
1 1 14 is in operation. A one-way valve 1 120 is preferably provided along branch 1118, 
to prevent Kquid pumped by vehicle pump 1114 &om returning to the reservoir 1 1 12 via 
branch 1118. 

A outflow conduit 1122 si^plies washing Kquid to one or more 
vehicle radar antenna sprayers 1124 operative to discharge liquid onto an extanal 
surfece of a vehicle radar antenna 1 126, typicality located between vehicle headlights. 

A vehicle radar actuation switch 1130, typicaUy located on the vehicle 
dashboard, is electrically coupled to main assembly 1 104 by a control conductor 1 132. 
15 Additional control conductors of any suitable number, here designated by reference 
numeral 1134, may couple the main assembly 1104 to a vehicle computer (not shown) 
or to individual vehicle components, such as vehicle pump 1 1 14 or a vehicle radar unit 
1135. One or more sensor conductors, here designated by reference numeral 1136, may 
couple one or more external sensors 1137, such as, for example, temperature sensors, 
vehicle speed sensors and humidity sensors to the main assembly 1 104, either directly 
or via the vehicle computer. A radar antenna spiay control conductor 1138 couples the 
main assembly 1104 to an automatic gain control circuit (AGC) formmg part of the 
vehicle radar unit 1 135. 

In accordance with a preferred embodiment of the present invention, 
25 main assembly 1 104 may include. typicaUy in a subassembly 1 140. an auxlKary pump 
1142 in series along the liquid inflow conduit 1110. Ptefetably, a one-way valve 
equipped bypass conduit 1144 is provided in parallel to auxiKary pump 1142 for 
permitting Kquid ingress to mam assembly 1104 along Kquid inflow conduit 1 1 10. even 
if auxiKary pump 1142 fails to function. A one way valve 1146 is arranged along bypass 
conduit 1144 so as to prevent backflow of the ou^ut of auxiKary punq) 1142 in a 
direction away fiom main assembly 1 104. 
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Additionany, in accordance with a preferred embodiment of the present 
invention, a differential pressure responsive one-way valve 1148 interconnects liquid 
outflow conduit 1122 and Uquid inflow conduit 1110. Differential pressure responsive 
one-way valve 1148 is opened when a pressure difference thereacross exceeds a 
predetermined threshold, typicaUy. 0.3 - 0.5 bar, so as to enable normal operation of 
vehicle radar antenna sprayers 1124, notwithstanding malfunction of the main assembly 



1104 



Reference is now made to Figs: 13A and 13B. which are, reflectively, a 
simplified pictorial illustration and a simplified partially exploded view Ulustration of 
the main assembly 1 104. forming part of the system of Fig. 12. As seen in Fig. 13A. the 
main assembly preferably comprises a housing 1200, including a base 1202 and a cover 
1204, which are preferably mounted onto vehicle 1100 (Fig. 12) by means of a 
mounting bracket 1206. 

As seen with greater particularity in Fig. 13B, the main, assembly 1 104 
comprises a liquid heating subassembly 1208. which preferably includes first and 
second conduit elements 1210 and 1212. which are preferably bolted together. 
Preferably, mounted onto Uquid heating subassembly 1208 there is provided an 
electrical control subassembly 1214, typically comprising an electrical circuit board 
1216 and a heating element 1222. An electrical connector 1224. of conventional 
construction, provides electrical connections for control conductors 1132, 1134 and 
1138 and sensor conductor 1136, which are preferably connected to pads on circuit 
board 1216. Cables 1106. which provide connection to the vehicle battery 1108 (Fig. 
12). typically are coupled directly to the circuit board 1216. A liquid temperature sensor 
1226. which senses the temperature of liquid & it leaves the Bquid heating subassembly 
25 1208, is also coupled directly to flie curaiit board 1216. 

Electrical ckcuitry on electrical circuit board 1216 provides, inter aKa, 
control of the operation of liquid heating element 1222, preferably by means of a FET 



1232. 



Communicating with first and second conduit elements 1210 and 1212 
and with respective Hquid outflow conduit n22 and liquid mflow conduit 1110 are 
liquid outflow and liquid inflow connectors 1240 and 1242 respectively, which are seen 
to be interconnected by differential pressure responsive one-way valve 1 148. Auxiliary 
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pump 1142, bypass conduit 1144 and one-way valve 1146 are seen disposed in liqrnd 
inflow connector 1242, it being appredated that alternatively they may be located 
ex:temally thereof. 

Reference is now made to Fig. 14, which is a simplified exploded ^ew 
5 illustration of part of the assembly shown in Figs. 13 A & 13B. As seen in Fig. 14, FET 
1232 as well as other electrical components (not shown) are typically momited onto 
printed circuit board 1216, which is, in turn, mounted onto .first condiut element 1210, 
preferably by means of screws 1234 and spacers 1236. First conduit element 1210 is 
preferably formed of a good conductor, such as aluminum and has mounted tiiereon, in 
1 0 heat exchange relationship, heating element 1222 preferably by means of screws 123 8- 
Second conduit element 1212 is preferably formed of a somewhat 
flexible and resilient material, such as LEXAN ®, and is preferably sealed as by screws 
1240 to first conduit element 1210 and to an intervening liquid impermeable diaphragm 
1250. Conduits defined by first and second conduit elements 1210 and 1212 extend 
15 fiom a liquid ingress opening 1252 in second conduit element 1212, via a conduit 1254 
defined therein and via one or more apertures 1256 formed in diaphragm 1250, through 
a conduit (not shown) formed in first conduit element 1210 and out through a heated 
liquid egress opening 1260 formed in the first conduit element 1210. 

It is appreciated that the liquid flow in liquid heating subassembly 1208 
20 is identical to the liquid flow described hereinabove in Fi^. 5 - 10. 

Reference is now made to Fig. 15, which is a simplified timing diagram 
illustrating the operation of the system of Figs. 12 - 14. As seen in Fig. 15, liquid 
disdiarge fi:om vducle radar antenna sprayers 1124 on vehicle radar antenna 1126 is 
preferably automatically controlled. When the vehicle is running and when vehicle radar 
25 actuation switch 1 130 is ta an operative orientation (Fig. 12), accumulation of deposits 
on the vehicle radar antenna 1 126, such as slush, mud, rain, and snow cause the AOC to 
activate the heated liquid discharge system (Figs. 12 — 14) as described hereinbelow. 

Preferably, at all times that the vehicle is nmning, even when the vehicle 
radar is not activated, FET 1232 (Figs. 13B & 14) operates heating element 1222 in a 
30 continuous tnanner, so as to maintain liquid within the liquid heating subassembly 1208 
preferably at a temperature of at least 65 degrees Centigrade, for example. If the 
ambient temperature at the liquid heating subassembly 1208 exceeds the liquid 
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maintenance temperature, EET 1232 is preferably caused to terminate or curtail 
operation of heating element 1222 so as to avoid overheating. 

When the AGC provides a signal of at least a predetermined threshold 
value, here designated by reference numeral 1300, due to accumulations on the vehicle 
5 radar antenna 1 126, one or both of pumps 1114 and 1 142 are operated to pump heated 
liquid out from the first conduit element 1210 and to cause the heated liquid to be 
sprayed by vehicle radar antrana sprayers 1 124. The operation of one or both of pumps 
1 114 and 1 142 causes unheated or less heated liquid firom reservou: 1 1 12 to be supplied 
initially to second conduit element 1212 and thereafter to fust conduit element 1210 for 
10 heating thereof. When the value of the AGC output signal drops below another 
predetermined threshold value, designated fay reference nimieral 1302, which is 
typically below threshold value 1300, operation of the pumps 1114 and 1142 is 
terminated. 

In the short term, the operation of one or both of pumps 1 1 14 and 1 142 

15 causes a drop in the temperature of the liquid as measured by sensor 1226. When the 
temperature of the liquid, as sensed by sensor 1226, drops below a predetermined 
threshold temperature, typically 55 degrees Centigrade, operation of the pumps 1114 
and 1 142 is terminated. When further heating again raises the temperature of the liquid, 
sensed by sensor 1226, to a predetermined elevated temperature, typically 65 degrees, 

20 pump operation is resumed. This intermittent operation of one or both pumps 1114 and 
1142 contmues typically until the value of die AGC signal drops below predetermined 
threshold value 1302. 

It is noted that the electrical power requirements of the system increase 
substantially with increased accumulation and corresponding AGC controlled actuation 

25 of the heated liquid discharge system and remain generally constant until completion of 
the last cycle foUowmg such actuation. 

It is additionally noted that the initial spray cycle, designated by 
reference numeral 1310, is typically longer than the subsequent spray cycles, designated 
by reference nnmeral 1312, for AGC controlled actuation of the heated liquid discharge 

30 system. It is further noted that when AGC 'controlled actuation of the heated liquid 
discharge system takes place umnediately after initiation of operation of FET 1232 and 
heatmg element 1222, such as widiin 1 - 2 mmutes followmg kdtial operation of the 
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motor vehicle 1100, the initial spray cycle 1310, is shorter than llie initial spray cycle 
1314 in a case when AGC controlled actuation of the heated liquid discharge system 
takes place significantly later than initial operation of the motor vehicle 1 100. 

It is further noted that the time delay between AGC controlled actuation 
5 of the heated liquid discharge system and mitiation of the initial spray cycle 1310 is 
significanfly longer than the time delay between AGC controlled actuation of the heated 
liquid discharge system and initial spray cycle 1314, which is nearly mstantaneous. This 
feature is due partially to the particular structure of the liquid heating subassembly 1208 
as described hereinabove, including a first conduit element 1210, having a heating 

10 element 1222 directed associated therewith, and a second conduit element 1212 not 
having a heating element directly associated therewith, but nevertheless bemg in a 
relatively slow heat exchange relationship with the fust conduit element 1210. 

Liquid heating subassembly 1208 also has the advantage of providing a 
lunited pre-heating functionality for liquid supplied from reservoir 1112, first to the 

15 second conduit element 1212 and therefrom to the first conduit element 1210. The 
provision of the second conduit element 1212 does not significantiy adversely affect the 
speed of providing an initial spray cycle 1310 of heated liquid immediately after initial 
vehicle operation, but does significantiy positively affect the speed of providing an 
initial spray cycle 1314 of heated liquid a significant time after initial vehicle operation. 

20 This beneficial functionality results from the fact that diaphragm 1250 

acts as a good thermal insulator in ihe short term and prevents significant heat loss from 
the first conduit element 1210 during quick heating of flie liquid therein, but allows heat 
to pass therethrough in the long term, for heatmg of liquid in botii the first and tiie 
second conduit elements to the predetenmned elevated temperature even prior to AGC 

25 controlled actuation of the heated liquid discharge system. 

Accordingly, once the vehicle has been runnmg for a significant time, 
operator actuation of vehicle radar actuation switch 1130 produces a nearly 
instantaneous initial spray cycle 1304 of heated liquid and furthermore the quantity of 
heated liquid which is sprayed is significantly greater, typically up to a fector of 3, than 

30 the quantity of heated liquid which is available for spraying immediately following 
initial vehicle operation. 
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Reference is now made to Fig. 16. which is a simplified pictorial 
iUustmtian of a heated liquid discharge system constructed and operative in accordance 
with a prefeited embodiment of the present invention installed in a motor vehicle. As 
seen in Fig. 16, an otherwise conventional motor vehicle 2100 is seen to incoipomte a 
heated Uquid discharge system 2102 constructed and operative in accordance with a 
preferred embodiment of the present invention. The heated Uquid discharge system 
preferably includes a main assembly 2104. which provides liquid heating as weU as 
electrical and liquid flow control fimctionalities. Main assembly 2104 is electrically 
connected via electrical cables 2106 to a vehicle battery 2108. 

A liquid mflow conduit 2110 suppfies washing liquid, such as water or 
cleaning liquid, from a vehicle liquid reservoir 21 12. having an associated vehicle pmnp 
2114. to main assembly 2104. A vehicle computer 2115 governs the operation of the 
pump 2114 via a control conductor 2116. Liquid inflow conduit 2110 preferably 
includes first and second branches 21 17 and 21 18. Branch 21 17 is coupled to an output 
of vehicle pump 21 14, while branch 21 18 is coupled directly to the interior of reservoir 
2112. Thus liquid may be obtained fit>m reservoir 2112 independently of whether 
vehicle pump 2114 is in operation. A one-way valve 2120 is preferably provided along 
branch 2118. to prevent liquid pumped by vdiicle pump 2114 from returning to the 
reservoir 21 12 via branch 21 1 8. 

A liquid outflow conduit 2122 supplies washing liquid to one or more 
windshield sprayers 2124 operative to discharge Uquid onto a vehicle windshield 2126. 

In accordance with a preferred embodiment of the present invention, 
main assembly 2104 may have associated therewith, typically in a subassembly 213o! 
an auxiliary pump 2132 in series along the tiquid inflow conduit 2110. Preferably, i 
one-way valve equipped bypass conduit 2134 is. provided in parallel to auxiliary pump 
2132 for permittmg liquid ingress to main assembly 2104 along liquid inflow conduit 
21 10. even if auxiliary pump 2132 foils to fiifwrtion. A one way valve 2136 is arranged 
along bypass conduit 2134 so as to prevent bacfcflow of the output of auxiUary pump 
2132 in a direction away from main assembly 2104. 

AdditionaUy. in accordance with a preferred embodiment of the present 
invention, a differential pressure responsive one-way valve 2138 interconnects liquid 
outflow conduit 2122 and Uquid inflow conduit 2110. Differential pressure responsive 
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one-way valve 2138 is opened when a pressure difference thereacioss exceeds a 
predetermined threshold, typically, 0.3 - 0.5 bar, so as to enable normal operation of 
windshield sprayers 2124 and vehicle radar antenna sprayers 2140 in response to 
conventional vehicle actuation of vehicle pump 21 14, notwithstanding malfunction of 
S the mam assembly 2104. 

A user operated vehicle unheated liquid windshield discharge actuator 
2142, typically located in the vicmity of the vehicle steering wheel, is electrically 
coupled to vehicle computer 2115 by a control conductor 2150. In a fkst mode of 
operation, wherein the heated liquid discharge system 2102 is not user actuated for 

10 spraying heated liquid onto the radar antenna, operation of user operated vehicle 
unheated liquid windshield discharge actuator 2142 by a user preferably causes an 
electrical signal to be transmitted via control conductor 2150 to vehicle computer 21 15, 
which causes activation, by means of control conductor 2116, of vehicle pump 2114. 
Liquid outflow conduit 2122 supplies liquid from pump 2114 and/or pump 2132 to 

15 windshield sprayers 2124 via a conduit branch 2152, a normally-open valve 2154 and a 
conduit branch 2156. Liquid supplied by vehicle pump 2114 and/or pump 2132 via 
outflow conduit 2122 is also supplied to windshield sprayers 2124 via a bidirectional 
valve 2158, a conduit branch 2160 and conduit branch 2156. Bidirectional valve 2158 is 
normally open for liquid flow from conduit 2122 to conduit branch 2160 and is 

20 electrically coupled to main assembly 2104 via control conductor 2161. A one way 
valve 2162 preferably is provided along conduit branch 2160, so as to prevent flow of 
liquid away from windshield sprayers 2124. 

A user operated heated liquid windshield discharge actuator 2170, 
typically located on 4e vehicle dashboard, is electrically coupled to main assembly 

25 2104 via a control conductor 2172. Actuation by a user of user operated heated liquid 
windshield discharge actuator 2170 causes heated liquid from mam assembly 2104 to be 
supplied via conduit branch 2152, normally-open valve 2154 and conduit branch 2156 
as well as via bidirectional valve 2158 to windshield sprayers 2124 via conduit branches 
2160 and 2156. 

30 Heated liquid from mam assembly 2104 is also supplied to one or more 

vehicle radar antenna sprayers 2140 in response to an AGC actuation signal received by 
vehicle computer 2115 from a vehicle radar unit 2173. In response to receipt of the 
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AGC actuation signal, the vehicle computer 2115 causes main assembly 2104 to 
provide a direction switch electrical signal along a control conductor 2174 to 
bidirectional valve 2158, causing it to direct liquid from conduit 2122 along a conduit 
branch 2176, via a flow restrictor 2178 arranged in series therewith to vehicle radar 
antenna sprayers 2140. Additionally, in response to leceqit of the AGC actuation signal, 
the vehicle computer 2115 causes main assembly 2104 to provide a valve closing signal 
to normally open valve 2154 along a control conductor 2182. Alternatively, tiie AGC 
actuation signal is supplied directiy to the main assembly 2104. 

It is appreciated that in a preferred embodiment of the present mvention. 
main assembly 2104 supplies heated liquid to vehicle radar antenna sprayers 2140 only 
when windshield sprayers 2124 are not 

It is a particular feature of the present invention tiiat if during radar 
antenna spraying operation of the system in response to tiie AGC actuation signal, eith« 
of actuators 2142 and 2170 are actuated by a user, Kquid, heated or unhealed as the case 
15 may be, is immediately directed to windshield sprayers 2124. In tiie case of actuation of 
user operated unhealed fluid windshield discharge actuator 2142, this is preferably 
eflfected by opening of a relay 2184, which is connected in series along control 
conductor 2182, in response to a relay open signal suppUed by vehicle computer 2115 
along control conductor 2185. for preventing the valve closing signal from reaching 
normaUy open valve 2154. thereby retaining noimaUy open valve 2154 in an open 
orientation and pennitting liquid flow therethrough from conduit 2122 via conduit 
branch 2152, normally open valve 2154 and conduit branch 2156 to windshield sprayers 
2124. In the case of actuation of user operated vehicle heated fluid windshield discharge 
actuator 2170, fliis is preferably effected by main assembly 2104 not providmg a valve 
closing signal to normally open valve 2154 along control conductor 2182. Heated Uquid 
from main assembly 2104 is thus supplied to windshield sprayers 2124 as described 
hereinabove. In both cases the operation of flow restrictor 2178 ensures-that Uquid 
reaches windshield sprayers 2124. 

A vehicle radar actuation switch 2190. typicaUy located on the vehicle 
30 dashboard, is electrically coupled to main assembly 2104 by a control conductor 2192. 
One or more sensor conductors, here designated by reference numeral 2194, may coiq)le 
one or more external sensors 2196, such as. for example, temperature sensors, vehicle 
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speed sensors and humidity sensois to the main assembly 2104, either directly or via the 
vehicle con^uter 21 15. 

Reference is now made to Figs. 17A and 17B. which are. respectively, a 
simpUfied pictorial illustration and a simplified partially exploded view illusliation of 
5 the main assembly 2104, forming part of the system of Fig. 16. As seen in Fig. 17A, the 
main assembly 2104 preferably comprises a housing 2200. mcluding a base 2202 and a 
cover 2204, which are preferably mounted onto vehicle 2100 CFig. 16) by means of a 
mounting bracket 2206. 

As seen with greater particularity in Fig. 17B, the main assembly 2104 
10 comprises a Uquid heating subassembly 2208. which preferably includes first and 
second conduit elements 2210 and 2212. which are preferably bolted together. 
Preferably, mounted onto Uquid heating subassembly 2208 there is provided an 
electtical control subassembly 2214, typically comprising an electrical cm:uit boarf 
2216 and heating elements 2218, 2220 and 2222. An electrical connector 2224. of 
15 conventional construction, provides electrical connections for control conductors 21 82, 
2161. 2172. and 2194 and sensor conductors 2192, which are preferably connected to 
pads on circuit board 2216. Cables 2106, which provide connection to the vehicle 
battery 2108 (Fig. 16), typically are coupled directly to the circuit board 2216. A liquid 
temperature sensor 2226, which senses the temperature of liquid as it leaves the Uquid 
20 heatmg subassembly 2208. is also coupled directly to the circuit board 2216. 

Electrical circuitry on electrical circuit board 2216 provides, mter alia, 
control of the operation of liquid heating elements 2218. 2220 and 2222, preferably by 
means of first and second relays 2228 and 2230 and a FET 2232, respectively. 

Communicating with first and second conduit elements 2210 and 2212 
25 and with respective liquid outflow conduit 2122 and liquid mflow conduit 2110 are 
liquid outflow and Uquid inflow connectors 2240 and 2242 respectively, which are seen 
to be interconnected by differential valve 2138. Auxiliary pump 2132. bypass conduit 
2134 and one-way valve 2136 are seen disposed in Hquid inflow connector 2242, it 
being ^.preciated that alternatively they may be located externally thereof 

Reference is now made to Fig. . 1 8, which is a simpKfied exploded view 
illustration of part of the assembly shown in Figs. 17A & 17B. As seen in Fig. 18. relays 
2228 and 2230 and FET 2232 as weU as other electrical components (not shown) are 
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typically mounted onto printed circuit board 2216, which is, in turn, mounted onto first 
conduit element 2210, preferably by means of screws 2234 and spacers 2236, First 
conduit element 2210 is preferably formed of a good conductor, such as aluminum and 
has mounted thereon, in heat exchange relationship, the three heating elements 2218, 
5 2220 and 2222 preferably by means of screws 2238. 

Second conduit element 2212 is preferably formed of a somewhat 
flexible and resilient material, such as LEXAN ®, and is preferably sealed as by screws 
2240 to first conduit element 2210 and to an intervening liquid impermeable diaphragm 
2250, Conduits defined by first and second conduit elements 2210 and 2212 extend 

10 from a liquid ingress opening 2252 in second conduit element 2212, via a conduit 2254 
defined therein and via one or more apertures 2256 formed in diaphragm 2250, through 
a conduit (not shown) formed in first conduit element 2210 and out through a heated 
liquid egress opening 2260 formed in the first conduit element 2210. 

It is appreciated that the liquid flow in liquid heating subassembly 2208 

15 is identical to the liquid flow described hereinabove in Figs. 5-10, 

Reference is now made to Fig. 19, which is a simplified illustration of 
a heated liquid discharge system constructed and operative in accordance with another 
preferred embodiment of the present invention mounted in a motor vehicle. As seen in 
Fig. 19, an otherwise conventional motor vehicle 3100 is seen to incorporate a heated 

20 liquid discharge system 3102 constructed and operative in accordance with a preferred 
embodunent of the present invention. The heated liquid discharge system preferably 
includes a main assembly 3104, v^*ich provides Uquid heating as well as electrical and 
liquid flow control functionalities. Mam assembly 3104 is electrically connected via 
electrical cables 3106 and 3107 to a vehicle battery 3108. 

25 A liquid inflow conduit 3 1 10 supplies liquid, such as water or windshield 

cleaning liquid, ftom a vehicle liquid reservoir 3 1 12, having an associated vehicle pump 
31 14, to main assembly 3104. 

A liquid outflow conduit 3122 supplies liquid to one or more spmyeis 
3124, which may be located at one or more of the following vehicle locations: front 

30 vehicle windshield, back vehicle wmdshield, side vehicle windows in general and 
especially in locations providing viewmg access to vehicle exterior mirrors, vehicle 
headlights, vehicle rear lights and vehicle exterior mirrors. 
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A vehicle operator actuation switch 3 130, typically located on the vehicle 
dashboard, is electrically coupled to main assembly 3104 by a control conductor pair 
3132. A pair of vehicle compute interface conductors 3134 and 3136 interconnect the 
main assembly 3104 to the existing vehicle computer 3138. An ignition interface 
5 conductor 3140 interconnects the main assembly 3104 to the existing vehicle ignition 
switch. 

Reference is now made additionally to Figs. 20, 21A, 21B, 22 and 23, 
which illustrate details of the structure and mounting of main assembly 3104. The main 
assembly 3104 is preferably mounted onto the vehicle chassis by a suitable mounting 

10 bracket, such as moimting bracket 3142. Moxmting bracket 3142 preferably comprises 
suitably apertured chassis mounting portions 3144 and 3146 and a slide and snap fit 
main assembly support portion 3148 having slidable engagement indents 3150 and a 
snap fit engagement protrusion 3152 having indents 3154. The snap fit engagement 
protrusion 3152 may be injection molded of plastic directly onto the remainder of 

1 5 mounting bracket 3 1 42. 

Main assembly 3104 comprises a liquid heating chamber communicating 
with liqudd inflow conduit 3122 and liquid outflow conduit 3110 a principal housing 
portion 3160, which is configured for removable snap-fit engagement therewith by a 
cover housing portion 3162. As seen particularly in Fig. 21 B, the back surface of 

20 principal housing portion 3160 is formed with suitably undercut retaining protrusions 
3164 which slidably engage coiresponding comas 3166 of support portion 3148 
underlying indents 3150. As seen pardcnlarly m Fig. 21A, the top surface of principal 
housing portion 3160 is formed wifii a pair of engagement guides 3168 and inclined 
snap fit engagement protrusions 3170 which engage indents 3154 in snap fit 

25 engagement protrusion 3 152. 

Principal housing portion 3160 defines a generally circular cylindrical 
liquid heating chamber accommodating voluine 3180, in a major portion of which is 
disposed a liquid heating assembly 3182. Liquid heating assembly 3182 preferably 
comprises a circular cylindrical outer sleeve 3184 having a base 3186, which defines a 

30 sealing ring retaining socket 3188, arranged to retain an insulative liquid sealing ring 
3190. 
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A plutaBty of folded over heating elements, preferably three in number, 
designated by reference numerals 3192, 3194 and 3196, are located vvithin sleeve 3184.' 
Preferably heating elements 3192 and 3194 partiaUy overlie heating element 3196, as 
seen in Fig. 23. Each of the folded over heating elements 3192, 3194 and 3196 
5 preferably includes a resistance heating element 3 198. located within a heating element 
conductive sleeve 3200 and electricaUy insulated theiefiom by an insulator 3202, such 
as a ceramic material. 

The resistance heating element 3198 is preferably coupled at one end 
thereof to an electrical connection terminal 3204 extendmg outwaidly of base 3186 and 

10 is coupled at an opposite end tiiereof to conductive sleeve 3200. The conductive sleeves 
3200 of each of the folded over heating elements 3192, 3194 and 3196 are electrically 
coupled to ground via base 3186 and an electrical connector 3206. It is appreciated that 
the electrical characteristics of tiie resistance heating elements 3198 of tiie various 
folded over heating elements 3192, 3194 and 3196 are typicaUy different from each 

15 otiier. 

Principal housing portion 3160 also defines a liquid inlet channel 3210 
and a heated liquid outlet diannel 3212. both communicating wiih liquid heating 
chamber accommodating volume 3180, as weU as a heated liquid temperature sensor 
mounting ^erture 3214. also communicating with Uquid heating chamber 
20 accommodating volume 3180. Liquid supplied to liquid heating chamber 
accommodating vohmie 3180 via liquid inlet channel 3210 preferably enters a liquid 
heating chamber 3216. defined by tiie interior of sleeve 3184, via at least two Uquid 
inlet apertures fomtied in sleeve 3184. preferably a first aperture 3218 located near the 
base 3816 and a second ^erture 3220. preferably located at an opposite side of sleeve 
25 3184 and near the middle of tiie height of tiie sleeve 3184. 

Nonnally, during operation of pump 3114 (Fig. 19), flie level of the 
liquid exceeds tiie height of fbe liquid heating chamber and fills tiie liquid heating 
chamber accommodating volume 3180. A Uquid dram aperture 3228 is located on a side 
of sleeve 3 184 just below tiie top tiiereof vMch permits draining of liquid from volume 
3180 only down to tiie level of liquid drain aperture 3228, when tiie vehicle pump 3114 
(Fig. 19) is not in operatioa The importance of Uquid drain aperture 3228 and its 
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placement in the liqmd heating chamber accommodating volume 3180 will be described 
hereinbelow. 

Liquid from reservoir 3112 (Fig. 19) is supplied by vehicle pump 3114 
via liquid inlet conduit 3110 via a liquid inlet pathway portion 32S0 of a liquid 
5 connector assembly 3252, which also defines a liquid outlet pathway portion 3254. 
Liquid connector assembly 3252 preferably comprises an mjection molded element 
which also defines a difTerential pressure bypass pathway portion 3256, which is 
controlled by a spring loaded one-way valve 3258 and which permits liquid flow from 
liquid inlet pathway portion 3250 to liquid outlet pathway portion 3254 when the 

10 pressure differential thereacross reaches a predetermined threshold, typically 03 - 0.5 
bar, which indicates the existence of a blockage in the liquid path through valve 3260 
and the liquid heating chamber accommodating volume 3180. 

Liquid inlet pathway portion 3250 preferably comprises a leaky one way 
valve 3260, preferably having a channel 3262 fomied in a valve seat 3264 thereof, as 

15 shown in detail in Fig. 22. Valve 3260 preferably permits supply of liquid under 
pressure to the liquid heating chamber accommodating volume 3180 but restricts 
backflow therethrough to a relatively slow rate. The liquid passes through liquid inlet 
channel 3210 and fills the liquid heating chamber accommodating voltime 3180. The 
liquid flows into liquid heating chamber 3216 via first and second apertures 3218 and 

20 3220 in sleeve 3184, 

The liquid is heated in liquid heating chamber 3216 and the temperature 
of the liquid or the air overlying the liquid, depending on the liquid level, is sensed by a 
temperature sensor 3270, commercially available from EPCOS AG. Corporate 
Commimications of Munich, Gennany, identified by Catalog No. G560/50K/F2 and 

25 located in heated liquid temperature sensor mounting aperture 3214. Temperature 
sensor 3270 preferably is mounted onto a printed circuit boaid 3272 which is mounted 
within principal housing portion 3160 and located outside of liquid heating chamber 
accommodating volume 3 1 80. 

Mounted on printed circuit board 3272 is control circuitry for operation 

30 offlie main assembly 3104 which is connected inter alia to temperature sensor 3270 and 
via a connector 3274 and a wire harness 3276 including a connector 3278 to control 
conductor pair 3132, vehicle computer interface conductors 3134 and 3136 and ignition 
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inteiface conductor 3140 (Fig. 19). Electrical- cables 3106 and 3107 connect the vehicle 
battery 3108 (Fig. 19) to connection terminals 3280 of a plurality of relays 3282, which 
supply electrical power to electrical connection terminals 3204 of heating elements 
3192, 3194 and 3196 via electrical connectors 3284. Relays 3282 are commercially 
5 available from TYH Enterprise Limited of Tsuen Wan, N.T., Hong Kong. Electrical 
connector 3206 provides a direct ground connection between base 3186 and the vehicle 
ground via one of electrical cables 3106 and 3107. An overheating cut-ofiffese 3290 is 
also mounted onto printed circuit board 3272 and is connected to the control circuitry 
for shutting off power to the heatmg elements 3192, 3194 and 3196 in the event of 
10 overheating of the liquid heating assembly 3182. Fuse 3290 is preferably formed with 
an undersurface of a resilient material and is preferably retained in tight themial 
engagement with the underside of base 3 1 86 by a cover element 3292. 

It is a particular feature of the present invention that the provision of 
liquid drain ^erture 3228 in sleeve 3184 together with leaky one-way valve 3260 
15 provides both overheating and anti-freezing protection for the main assembly 3104. This 
synergetic functionaHty may be understood by considering the operation of the system 
foUowing completion of a spray cycle. At this time, due to deactivation of pump 31 14, 
Bquid is not being pumped into liquid heating chamber accommodatmg volume 3180 
and the Kquid tends to drain slowly from volume 31 80 via channel 3262, leaky one-way 
20 valve 3260, liquid inlet pathway portion 3250. liquid inlet conduit 3110 and vehicle 
pump 3114 to reservoir 3112. Such drainage continues until the level of Uquld in Uquid 
heatmg chamber accommodating volume 3180 reaches the level of liquid drain aperture 
. 3228, at which point air. rather than Uquid is drawn into channel 3262, effectively 
tenninating drainage and retaining Uquid mside liquid heating chamber accommodating 
25 volume 3180 at flie level ofliquid drain aperture 3228. 

Retention of liquid inside Uquid heatmg chamber accommodating 
volume 3180 at a level preferably not lower than that of Uquid drain aperture 3228 
ensures that the level of liquid in Uquid heating chamber 3216 at least covers most of 
the heating elements 3192, 3194 and 3196, ensuring rapid heating of the Uquid at the 
30 next heating cycle and avoiding burning out of the heating elements due to lack of 
Uquid in the vicinity thereof. At the same tune retention of Uquid inside Uquid heating 
chamber accommodating volume 3180 at a level preferably no higher than that of Uquid 
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drain aperture 3228 ensures that suJBBcient jfreezing expansion volume is provided 
within volume 3180 and within the liquid heating chamber 3216 so that when the 
vehicle is not being operated and is in a freezing envuronment, freezing of the liquid 
therein does not cause cracking of the liquid heating chamber 3216 or of the liquid 
5 heating chamber accommodating volume 3 1 80. 

Reference is now made to Figs. 24A, 24B, 24C/1, 24C/2, 24C/3, 24D, 
24E, 24F, 24G & 24H, which are together a self-explanatory electrical schematic 
illustration of the ckcuitry incorporated on PCB 3272 of the system of Figs. 19-23. 
Figs. 24A, 24B, 24C/1, 24C/2, 24C/3, 24D, 24E, 24F, 24G & 24H indicate 
10 interconnections of the circuitry on PCB 3272 with various elements of the system of 
Figs. 19 - 23, whose reference numbers are indicated in parenthesis in Figs. 24A - 24H. 
The circuitry of Figs. 24A - 24H operates preferably using software contained in the 
Appendix. Table I contains a list of parts used in the circuitry shown in Figs. 24A-24H. 

15 TABLE I 



Refoence 
Desigiiator(s) 


Part 


Manu&cturer 


Part Number 


PCB 
Footprint 


Cl.C2,C4, 
C12,C24,C26, 
C29, C30 


0.01uF. lOOV 


AVXCoip.,SC, 
USA 


06031C103MAT4A 


0603 


C3,C7,C10, 

C15,C19, 

C22 


O.I11F, lOOV 


AVXC01P..SC, 
USA 


12061C104MAT4A 


1206 


C6. C9, C16, 
C20,C21,C23, 

C25,C27,C28 


lOOOpF, 
lOOV 


AVXCoxp^SC, 
USA 


06031C102MAT4A 


0603 


C8,C13.C14, 

C17,C18,C31, 

C32 


0.1uF, lOV 


AVXCorp^SC, 
USA 


0603ZC104MAT4A 


0603 


C5A, C5B, 
Cll 


luF, lOV 


AVXCoip., SC. 
USA 


0805ZC106KAT4A 


0805 



47 



Reference 
iJesigiiator(s, 


Part 


Manufacturer 


Part Number 


PCS 
Footprint 


C33 


lOuF. 35V 


KEMET Electronics, 
SimpsonviUe, SC 


T491C106M035AS 


"C package" 
or 6032 


D1,D3, D6 


Fast 

Switching 
Rectifier 


Diodes Inc., 
WestlakeViUage, 
CA, USA 


RSID 


SMA 


D9, D12 


General 
Purpose 
Rectifier 


Diodes Inc., 
Westlake Village, 
CA, USA 


SID 


SMA 


D5,D7,D13, 
D14,D17 


Schottky 
Barrier Diode 


Semiconductor 
Corp., Santa Clara, 
CA. USA 


MBR0540 


SOD123 


D2, D4,D15, 
D16 


15V, 500mW, 
Zener 


Semiconductor . 
Corp., Santa Clara, 
CA. USA 


MMSZ5245BT1 


SOD123 


D8, DIS 


5.1V, 

500mW, 

Zener 


Semiconductor 
Corp., Santa Clara, 
CA. USA 


MMSZ5231BT1 


SOD 123 


D19, D20 


DUAL 

SWITCHING 
DIODE 


Semiconductor 
Corp., Santa Clara, 
CA. USA 


BAV99LT1 


SOT-23 


FUl 


Thermal Cut 
Off 1400 


Thermtrol Corp., 
LNorm v^anion, Url, 
USA 


N6 


THRU 


JPl 


5 Pin Locking 
Connector < 


Molex Idc. Dovmers 
Cjrove, IL, USA 


MOLEX043650-052 
7 


MOLEX043 
550-0527 


JP2 


B Pin Header 

{ 


Mh>Iex Inc. Downers 

Srove, IL, USA 

— 


10-89-1081 


THRU 
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Reference 
Designator(s] 


Part 


Manufacturer 


Part Number 


PCB 
Footprint 


Kl 


RELAY 


TYH Enterprise 
Limited, N,T., Hong 
Kong 


HG4520-012-H1S 


RELAY-HG 
4520 




RELAY 


TYH Enterprise 
Limited, N,T., Hong 
Kong 


HG4119-012-1H11-1 
A 


RELAY-HG 
41 19 


L1,L2 


FerritB Bead, 
600ohm @ 
lOOMHz 


Murata 

Manu&cturing Co., 
Ltd., 

Nagaokakyo-shi, 
Kyoto 


BLM21AG102SN1B 


0805 


Q1.Q2 


P Channel 
MOSFET, 
lOOV 


International 
Rectifier, El 
Segundo, CA, USA 


IRFL9110 


SOT-223 


Q3.Q6.Q7 


NPN 

Darlington^ 
lOOV 


Zetex pic, Oldham, 
UK 


FMMT614 


SOT-23 


Q47Q5 


Protected N 

Channel 

MOSFET 


STMicroelectrntiic^Q 

East Bell Road, AZ, 
USA 


YJNINIJN V0413TK. 


SOT-223 


Nl 


Tempeiature 
Sensor 


BPCOS AG. 
Corporate 
Communications, 
^f unich, Germany 


G560/50KyF2 


THRU 


N2 

i 


remperature 
Sensor i 
< 


EPCOS AG. i 
Corporate 
ZJommunications, 
^imich, Geimany 


3560/50K/F2 


IWRU 
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Reference 
Designator(s) 


Part 


Manu&cturer 


Part Number 


PCB 

Footprint 


Rll 


OOHM 


KOA Speer 
Electronics Inc., 
Bradford, PA, USA 


RM73Z1JLTDD 


0603 


R25 


1.5k, 5%, 
500mW 


KOA Speer 
Electronics Inc., 
Bradford, PA, USA 


RK73B2ELTDD152J 


1210 


R1,R5,R6^, 
R14,R18J520, 
R21JR22,R27, 
R28 


10k, 1% 


KOA Speer 
Electronics Inc., 
Bradford, PA, USA 


RK73GC1JLTD1002 
F 


0603 


R7,R10,R12, 

R13J115,R19. 

R23,R24 


100k, 1% 


KOA Speer 
Electronics Inc., 
Bradford, PA, USA 


RK73GC1JLTD1003 
F 


0603 


R2,R4,R8 


3.3k, 5%, 
500mW 


KOA Speer 
Electronics Inc., 
Bradford, PA, USA 


RK73B2EL1DD332J 


1210 


R3,R16.R17 


33.2k, 1% 


KOA Speer 
Electronics Inc., 
Bradford, PA, USA 


RK73GC1JL1T>3322 
F 


0603 


Ul 


8 BIT 

Micro-control 
ler 


Motorola Inc. 


MC68HC908KX8M 
DW 


SOIC 16 


U2 


5V protected 
regulator 


Nficrel 

Semiconductor, Inc. 
San Jose, CA, USA 


MIC2951-02BM 


SOIC8 



The Appendbc is a software listmg of the following computer file: 
Appendix contaming file HOTSHOT2.S19 and of length 5,434 bytes. 
5 To program the FLASH memory on the Motorola 68HC90S 
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microcontroUer that resides inside the Hotshot product the following steps need to be 
conducted: 

1) . Provide a Personal Computer, such as an Intel-based Pentium m 800 
MHz computer. 256 MB RAM and 2 GB Hard Disk configured wift Microsoft 
Windows 2000 operating system. 

2) . Start the Prog08SZ.exe progranimer for Endows version 1.38 provided 
from P&E Microcomputers System Inc, PO Box 2044, Wobum MA 01888-00044 
U.S.A. 

a) . Select >File > load S19 record 
1). Create the ffle HOTSHOT2.S19 based on the Appendix and place 

it into a temporary directory. 

b) . Select >Program 

1). The Prog08SZ.exe prograin will read the HOTSHOT2.S19 file and 
translate this information into the FLASH program and too the 
tineshold parameters. 
2). The program will indicate when progranuning is complete. 
It is ^^areciated that the software components of flie present invention 
may. if desired, be implemented in ROM (read-only memory) fonn. The software 
components may, generally, be implemented in hardware, if desired, using 
20 conventional techniques. 

It is appreciated that tilie particular embodiment implemented by the 
Appendix is intended only to provide an extremely detaUed disclosure of the present 
invraition and is not intended to be limiting. 

It wiU be appreciated by persons skilled in Ihe art that the present 
25 invention is not limited by what has been particularly shown and described hereinabove 
but rather Includes both combinations and subcombmations of the various features 
desaibed hereinabove as weU as modifications thereto which would occur to a person 
reading ihe foregomg which modifications aie not in the prior art. 
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S113F6005d47440AOA16142D1434360AOA0505080C 
S113F6100A04CB9E8A407D5556657273696F6E20CD 
5 S113F620302E31202020202030352F30352F30331C 
S113F63030393A3032414D686172647761726520C5 
S113F64076657273696F6E30303030303030303000 
S113F65030352F30352F303330393A3032414D0088 
S113F66000050F191B1E202325282A2D2E2F313289 

10 S113F67033343536373839393A3B3C3D3E3F3F40E9 
S113F6804142434 44545464 647484 9494A4A4B4B0B 
S113F6904C4C4D4E4E4F4F5050515253545455555F 
S113F6A056565757585859595A5A5A5B5B5C5C5CC2 
S113F6B05D5D5E5F5F5F6060606061616162626248 

15 S113F6C063636464 65656666676768 686869696AD0 
S113F6D06A6B6B6C6C6D6D6D6E6E6E6F6F7070714E 
S113F6E07172727373747475757676777778787 9C6 
S113F6F0797A7A7B7B7C7C7D7D7E7E7F7F7F808038 
S113F70081818282838384 85858 6868787888889A8 

20 S113F7108A8A8B8B8C8C8D8D8E8E8F8F909091910D 
S113F720929394959696979899999A9B9C9D9E9E50 
SI 13F7 309FA0A1A1A2A2A4A5A6A7A8A9AAABACAD6B. 
S105F740AEAF66 

S113F7436E011E6E481F6E08406E04416E80426E49 
25 S113F75308366E04376E041C121C6E021D6E103EB6 
S113F7636EFE043F006E10053F01810A010DC600C1 
S113F77362A1FF240A4500627C20044FC700620E85 
S113F783010C45005C7CF6A1082603CDFB2281878E 
S113F793C60066A10824425F4FCDF9EABF40CEOOFC 
30 S113F7A3668CD7007F5FA601CDF9EABF40CE006621 
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S113F7B38CD700775FA602CDF9EABF40CE00668CF2 
S113F7C3D7006F5FA603CDF9EABF40CE00668CD7 9E 
S113F7D300674500667CCCF9E89E6F018C9EEE01CO 
S113F7E3D600809EEE01D7007F9EEE01D600789E50 
5 S113F7F3EE01D70077 9EEE01D600709EEE01D7008E 
S113F8036F9EEE01D600689EEE01D700679E6C01E1 
S113F8139EE601A10725C6A601874F87C600855F1B 
. S113F82387894FCDF9EACDF9FDA7d4C70086A6144D 
S113F833874F87C6007D5F8789A601CDF9EACDF995 

10 S113F843FDA704C7007EA601874F87C600755F87 9F 
S113F85389A602CDF9EACDF9FDA704C70076A6016E 
S113F8 63874F87C6006D5F8789A603CDF9EACDF973 
S113F873FDA704C7006E4FC7008DC7008EC7008B5A 
S113F883C7008CC70089C7008AC70087C700889E42 

15 S113F8936F01CE008DC6008EBF4 09EEE018CDB004F 
S113F8A37F24023C40C7008EB640C7008DCE008B38 
S113F8B3C6008CBF409EEE01DB007724023C40C7A8 
S113F8C3008CB64 0C7008BCE0089C6008ABF409E19 
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PART C - THE PROIVIONAL'S ADDED SUBJECT MATYTER 

BACKGROUND OF THE INVENTION 

The following publications arc believed to represent the current state of the art: 
U.S. Patents: 6,164,564; 6,199,587;5,01 2,977 ;4,090,668 ;5J 18,040 ;5,509,606 ; 
;5,354,965 ;5,254,a83 ;5,11 8,040 ;5,01 2,977 ;4,1 06,508 ;4,090,668 ;3,979,068 ;5,354,965 
5,947,348 ;5,927,608 ;5,509,606 ;5,383,247and 5,988,529. 

Published PCT Applications: WO 02/092237, WO 00/27540, WO 98/58826 and also 
the PCT that parts thereof are presented m Part B.. 



SUMMARY OF THE INVENTION 

The present invention seeks to provide improved apparatus and method for cleaning or 
de-icing vehicle elements. 
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I I 

BRIEF DESCRIPTION OF THE FIGURES AND APPENDIX 

The present invention will be understood and appreciated fix>m the following detailed 
description, taken in conjunction with the drawings and appendix in which: 

Fig. 25 is a is a simplified illustration of a heated liquid discharge system constructed 
and operative in accordance with another preferred embodiment of the present invention 
mounted in a motor vehicle; 

Fig. 26 is a sunplified exploded view illustration of a portion of the heated liquid 
discharge system of Fig. 25: 

Figs. 27A & 27B are simplified front view and back view pictorial illustrations 
corresponding to Fig. 26; 

Fig. 28 is a simplified sectional illustration taken along Imes XXII - XXII in Fig. 27A; 
Fig. 29 is a simplified sectional illustration taken along lines XXIII - XXIII in Fig. 27A. 
Fig. 30 is a simplified timing diagram illustrating tiie operation of die system of figures 
25 to 29. 

Fig. 3 1 is a sunplified illustration of the circular cylinder outer sleeve. 

DETAILED DESCRTITION OF THE PREFERRED EMBODIMENTS 

Reference is now made to Fig. 25, which is a simplified illustration of a heated liquid 
discharge system constructed and operative in accordance with another preferred 
embodiment of the present invention mounted in a motor vehicle. As seen in Fig. 25, an 
otherwise conventional motor vehicle 4100 is seen to incorporate a heated liquid 
discharge system 4102 constructed and operative in accordance with a preferred 
embodiment of the present invention. The heated liquid discharge system preferably 
includes a main assembly 4104, which provides liquid heating as well as electrical and 
liqud flow control fiuictionalities. Main assembly 4104 is electrically coimected via 
electrical cables 4106 and 4107 to a vehicle battery 4108. 
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A liquid inflow conduit 4110 supplies liquid, such as water or windshield cleaning 
liquid, fix)m a vehicle liquid reservoir 41 12, having an associated vehicle pump 41 14, to 
main assembly 4 1 04. 

A liquid outflow conduit 4122 supplies liquid to one or more sprayers 4124, which may 
be located at one or more of the following vehicle locations: front vehicle windshield, 
back vehicle windshield, side vehicle windows in general and e^ecially in locations 
providing viewing access to vehicle exterior mirrors, vehicle headlights, vehicle rear 
lights and vehicle exterior mirrors. 

A vehicle operator actuation switch 4130, typically located on the vehicle dashboard, is 
electrically coupled to main assembly 4104 by a control conductor pair 4132. A pair of 
vehicle compute inter&ce conductors 4134 and 4136 interconnect the main assembly 
4104 to the existing vehicle computer 4138. An ignition interfoce conductor 4140 
interooimects the main assembly 4104 to the existing vehicle ignition switch. 

CK and IMP ! The vehicle's operator actuating switch 4130, is preferably 
intended for activating the automatic sprinkling cycles. 

Preferably, several methods and ways exist, for example an alternative switch that might 
serve for a different operation activating mode. In the proposed alternative, a short 
depressing of the switch would actuate the automatic sprinkling. On the other end, a 
long depression interval, would cut off completely and close down the activity of the 
main assembly 4 1 04 heating system. 

Preferably, a combination of the switch with the software and hardware of the system, 
are able to provide this special mode of operational function. 

Reference is now made additionally to Figs. 26, 27A, 27B, 28 and 29 (found in part B), 
which illustrate details of the structure and mounting of main assembly 4104. Hie main 
assembly 4104 is preferably mounted onto the vehicle chassis by a suitable mounting 
bracket, such as mounting bracket 4142. Mounting bracket 4142 preferably comprises 
suitably apertured chassis mounting portions 4144 and 4146^and a slide and snap fit 
main assembly support portion 4148 having slidable engagement indents 4150 and a 
snap fit engagement protrusion 4152 having indents 4154. The snap fit engagement 
protrusion 4152 may be injection molded of plastic directiy onto the remainder of 
mountii^ bracket 4142. 
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Main assembly 4104 comprises a liquid heating chamber communicating with liquid 
inflow conduit 4122 and liquid outflow conduit 41 10, a principal housing portion 4160, 
which is configured for removable snap-fit engagement therewith by a cover housing 
portion 4162. As seen particularly in Fig* 27B, the back surface of principal housing 
portion 4160 is formed with suitably undercut retaining protrusions 4164 which slidably 
engage corresponding comers 4166 of support portion 4148 underlying indents 4150. 
As seen particularly in Fig. 27A, the top surface of principal housing portion 4160 is 
fomed with a pair of engagement guides 4168 and inclined snap fit engagement 
protrusions 4170 which engage indents 4154 in snap fit engagement protrusion 4152. 
Principal housing portion 4160 defmes a generally circular cylindrical liquid heating 
chamber acconunodating volume 4180, in a major portion of which is disposed a liquid 
heating assembly 4182. Liquid heating assembly 4182 preferably comprises a circular 
cylindrical outer sleeve 4184 having a base 4186, which defines a sealing ring retaining 
socket 4188, arranged to retain an insulating liquid sealing ring 4190. 
A plurality of folded over heating elements^ preferably two in number, designated by 
reference numerals 4194 and 4196, are located within sleeve 4184. Preferably heating 
element 4194 partially overlies heating element 4196, as seen in Fig. 29. Each of the 
folded over heating elements 4194 and 4196 preferably include a resistance heating 
element 4198, located within a heating element conductive sleeve 4200 and electrically 
insulated iherefixim by an insulator 4202, such as a ceramic material. 
The resistance heating element 4198 is preferably coupled at one end th^of to an 
electrical cormection terminal 4204 extending outwardly of base 4186 and is coupled at 
an opposite end thereof to conductive sleeve 4200. The conductive sleeves 4200 of each 
of the folded over heating elements 4194 and 4196 are electrically coupled to ground 
^a base 4186 and an electrical coimector 4206. It is appreciated that the electrical 
characteristics of the resistance heating elements 4198 of the various folded over 
heating elements 4194 and 4196 are typically different firom each other. 
Principal housing portion 4160 also defines a liquid inlet chaimel 4210 and a heated 
liquid outiet charmel 4212, both communicating with liquid heating chamber 
accommodating volume 4180, as well as a heated liquid temperature sensor moimting 
aperture 4214, also communicating with liquid heating chamber accommodating 
volimie 4180. Liquid supplied to liquid heating chamber accommodating volume 4180 
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via liquid inlet channel 4210 preferably enters a liquid heating chamber 4216, defined 
by the interior of sleeve 4184, via at least two liquid inlet apertures formed in sleeve 
4184» preferably a first aperture 4218 located near the base 4186 and a second aperture 
4220, preferably located at an opposite side of sleeve 4184 and near the middle of the 
hdg^ of the sleeve 4184. 

Normally, during operaticm of pump 4114 (Fig. 25), the level of the Uquid exceeds the 
height of the liquid heating diamber and fills the liquid heating chamber 
accommodating volume 4180. The liquid drain apertures 4228 is located on a side of 
sleeve 4184 just below the top thereof which permits draining of Uquid from vohime 
4180 only down to the level of liquid drain apertures 4228, viien the vehicle pump 41 14 
(Fig. 25) is not in operation. The importance of liquid drain apertures 4228 and its 
placement in the liquid heating chamber accommodating volume 4180 will be described 
below. 

Liquid fiiom reservoir 4112 (Fig. 25) is suppUed by vehicle pump 41 14 via Hquid inlet 
conduit 4110 via a liquid inlet pathway portion 4250 of a Uquid connector assembly 
4252, which also defines a Uquid outlet pathway portion 4254. Liquid connector 
assembly 4252 preferably comprises an injection molded element which also defines a 
differential pressure bypass pathway portion 4256, which is contioUed by a spring 
loaded one-way valve 4258 and which permits liquid flow fiom liquid inlet pathway 
portion 4250 to liquid outlet pathway portion 4254 when Ifae pressure differential 
thereacross reaches a predetermined threshold, typically 0.3 to 0.5 bar, which indicates 
the existence of a blockage in flie liquid path through valve 4260 and the Uquid heating 
chamber accommodating volume 4180. 

Liquid inlet pathway portion 4250 preferably comprises a leaky one way valve 4260, 
preferably having a channel 4262 formed in a valve seat 4264 thereof, as shown in 
detail in Fig. 28. Valve 4260 preferably permits supply of liquid under pressure to the 
Uquid heating chamber accommodating volume 4180 but restricts backflow 
therethrough to a relatively slow rate. The liquid passes through liquid inlet channel 
4210 and fills the Uquid heating chamber accommodating volume 4180. The liquid 
flows into Uquid heating chamber 4216 via first and second apertures 4218 and 4220 in 
sleeve 4184, and elongated openings 4229 and 4231 (figures 28 and 31A, 31B). 
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The liquid is heated in liquid heating chamber 4216 and the temperature of the liquid or 
the air overlying the liquid, depending on the liquid level, is sensed by a temperature . 
sensor 4270 ^commercially available from EPCOS AG. Corporate Communications of 
Munich, Germany, identified by Catalog No. G560/50K/F2 and located in heated liquid 
tempemture sensor mounting aperture 4214. Temperature sensor 4270 preferably is 
mounted onto a printed circuit board 4272 which is mounted within principal housing 
portion 4160 and located outside of liquid heating chamber accommodating volume 
4180. 

Mounted on printed circuit board 4272 is control circuitry for operation of the main 
assembly 4104 which is connected inter alia to temperature sensor 4270, and - via a 
coraiector 4274 and a wire harness 4276 including a connector 4278 - to control 
conductor pair 4132, vehicle computer interface conductors 4134 and 4136 and ignition 
interface conductor 4140 (Fig. 25). Electrical cables 4106 and 4107 connect the vehicle 
battery 4108 (Fig. 25) to connection terminals 4280 of a plurality of relays 4282, which 
siqpply electrical power to electrical connection terminals 4204 of heating elements 
4194 and 4196 via electrical connectors 4284. Relays 4282 are commercially available 
from TYH Enteiprise Limited of Tsuen Wan, NX, Hong Kong. Electrical connector 
4206 provides a direct ground connection between base 41 86 and the vehicle ground via 
one of electrical cables 4106 and 4107. An overheating cut-off fuse 4290 is also 
mounted onto printed circuit board 4272 and is connected to fte control circuitry for 
shutting off power to the heating elements 4194 and 4196 in the event of overheating of 
flie liquid heating assembly 41 82. Fuse 4290 is preferably formed with an undersuiface 
of a resilient material and is preferably retdned in tight thomal engagement with the 
underside of base 4186 by a cover element 4292. 

It is a particular feature of the present invention that the provision of liquid dram 
apertures 4228 in sleeve 4184 together vwth leaky one-way valve 4260 provide both 
overfieating and antifreezing protection for the main assembly 4104. This synergetic 
fonctionality may be understood by considering the opemtion of the system following 
completion of a spray cycle. At this time, due to deactivation of pump 41 14, liquid is 
not being pumped into liquid heating chamber accommodating volume 4180 and the 
liquid tends to drain slowly ftom volume 4180 via channel 4262, leaky one-way valve 
4260, liquid inlet pathway portion 4250, liquid inlet conduit 4110 and vehicle pump 
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4114 to reservoir 4112. Such drainage continues until tiie level of liquid in liquid 
heating chamber accommodating volume 4180 reaches the level of liquid drain 
apertures 4228, at which point mr, rather than liquid is drawn into channel 4262, 
effectively terminating drainage and retaining liquid inside liquid heating chamber 
accommodating volume 4180 at the level of liquid drain apertures 4228. 
Retention of liquid inside liquid heating chamber accommodating volume 4180 at a 
level preferably not lower than that of liquid drain apertures 4228 ensures that the level 
of liquid in liquid heating chamber 4216 at least covers most of the heating elements 
4194 and 4196, ensuring rapid heating of the liquid at the next heating cycle and 
avoiding burning out of tiie heating elements due to lack of liquid m the vicinity thereof. 
At the same time retention of liquid inside liquid heating chamber accomodatmg 
volume 4180 at a level- preferably not higher than that of liquid drain apertures 4228 
ensures tliat sufficient freezing expansion volume is provided within volume 4180 and 
within the liquid heating chamber 4216 so that when tiie vehicle is not being operated 
and is in a fieezing environment ^freezing of the liquid therein does not cause cracking 
of the liquid heating chamber 4216 or of tiie liquid heating chamber acconunodating 
volume 4180. 

Reference is now made to Fig. 30, which is a simplified timing diagram illustrating the 
operation of the system of Figs. 25 to 29, As seen in Fig. 30, system actuation is 
preferably initiated by a user, such as the driver of a motor vehicle, pressing an 
operation actuation switch 4130, ^ically located on the vehicle dashboard. It is noted, 
however, that preferably, at all times that the vehicle is nmning at nominal idling or 
higher rpm, the system preferably maintains a standby heating state, except if the driver 
shuts off the system, for example by depressing - by a long interval, switch 4 1 30. 
Preferably, the system is maintaining a state in which - from the instant the key is 
inserted in the ignition switch and turning on the engine, until the instant that the 
vehicle^s engine reaches its idling rpm, the system's heating current would not be 
activated. 

For example, let us explain the operation of a system that preferably started operating at 
an ambient temperature of —1 8^C. 

64 



Copy provided by USPTO from the IFW Imaoe Database on ^oftf^t^m'; 



The instant of transition 4500 HlS'^tt? C7*m IMP QRXis the instant at which 

the engine passes /goes over the nominal idling rpm^s. This is seen as THE IDLING 
LINE? 

THE POINT 4500 ? in the timing diagram (figure 30). 

The stages precedmg the switch over WHY TRANSITION WHY NOT 
ACTIVATING ?? are not depicted in then diagram. 

Identification of the engine's angular velocity (namely its rpm) and the indication when 
it reaches the "higher than idling" value can be - preferably - obtained by various 
methods. 

One such method, preferably, relies on (continuous) measurement and sampling of the 
accumulator's voltage, as follows. 

Prior to switching the engine ON, the voltage is, for example, approximately 12 volts. 
When the starter is activated, the voltage drops by, say, approximately 5 V. 
Once the engine revolutions exceed the idling ipm value, the voltage increases to over 
12 volts, a value that preferably can be fed into the computer's software? Algorithm? 
Preferably, said instant at which the ipm reaches and surpasses the idling rpm, is 
identified and serves to provide a signal for turning the heating current ON. 

Such an analysis can be preferably executed eiflier within the heating unit, or 
alternatively by some other //computing/electronic/ unit of the car. 
In the latter case (i. e., perform e d gomowhore in th e oor // performed by a device in the 
car //)« a signal is sent to the heating sj^tem in order to advise it that the required xpm's 
(higher than that of the idling state) was reached. 

(p, 107) An alternate / different type for executing the measurement, is to preferably 
rely on measuring the engine's rpm / angular velocity by "counting"? the rate of pulses 
preferably received when the engine is turning, and providing a signal converting this 
information to express the '^rpm above idling" state of the engine, which in turn is sent 
to em the heating system. 

After the engine reached and passed the idling state ipm's, the system enters its first 
stage of the operation cycle which is ^ stand by mode. Heating element 4194 is 
actuated. Preferably, at fliis period a 17 amps current passes through the elemrat 
(marked 4504 in flie current graph). Tlie temperature that is measured by sensor 4270 
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starts to rise at that instant (4506) and piefembly stabilizes aiound 56^C (designated 
4508 in the diagram). 

In what follows^ ON/OFF current control is preferably realized for current values 
ranging from zero to 17 amp. 

Continuing the study of the process as expressed by the curves, we note the preferably 
value of 17 amp currents in the sections designated 45 10. 

Revertmg to the sections marked 4508, the variation of the temperature as preferably 
measured by sensor 4270 is in the neighborhood of 56^C. 

When a driver activates operation actuation switch 4130, preferably by depressing 

switch button // button 45678 , the system enters the automatic activation mode, at 
instant 4514 (see diagram). 

In this mode, provided the driver does not shut down the operation of the system, two 
sprinkling cycles would preferably be executed. 

During the same tune span, the two heating elements 4194 and 41 96 are activated, and a 
current of preferably 37 atnps ROGO nOt 17? amps flows and the 
temperature of the heating elements rifles/ increases. The duration of the heating period 
is shown in the diagram, designated 4516. <- CHECK 

Preferably, at instant 4520 (see diagram), when the temperature tfiat the temperature 
sensor 4270 is measuring reaches 75^C^ the le^ algorithm |nrn>n *TnnH of the 
system employs this temperature value for triggering tfie first sprinkling (4522, see 
diagram. Fig 30)* 

It was programmed in the system operation algorithm, that the termination of the first 
sprinkling cycle would be preferably at the 56**C temperatiu-e vakue. 
The duration (i. e., length) of the first sprinkling cycle ~ designated 4524 in the diagram, 
would preferably be approximately four (4) seconds, which approximately is the time 
required until the water cools down to 56°C as measured by sensor 4270 - providing the 
instant of termination of the first sprinklmg - see temperature value 56°C at point 4528 
in the diagram, marking the instant the first sprinkling stops. 

Preferably at the termination time of the first sprinkling 4526, the temperature ~ as also 
measured by the sensor, starts to rise once again. 
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The algorithm of the system's logic, is programmed so that preferably when the 
temperature reaches again the value of 75^C, the system activates the second sprinkling 
cycle, as it did for the sirst sprinkling cycle. Obviously^ other values can preferably be 
preferred, selected and set - eventually dictating to the internal computer the preferably 
sequences of the sprinkling cycles. 

At instant 4514 - wherein the sensor measures once more a JS&'C temperature, 
preferably the second sprinkling cycle is activated. The duration 4522 of this second 
sprinkling cycle, as determined by the system program, is preferably constrained by one 
of die following two conditions: 

• The furst condition is that the sensor would preferably measure a low temperature, of 
sayS^'C; 

• The second condition is that preferably, the duration of the sprinkling cycle, should 
not be longer than 8 seconds. 

In the example that we exhibited, the temperature of S^'C at the tune instant designated 
4524, is tfie one diat caused the termination of the sprinkling at the instant marked 4526. 
Following the time instant 4524, and while the engme is still running at an angular 
velocity higher than the rpm value of the idling state 4528, the current outoi3F switch of 
heatmg element 4196 is shown at the time instant 4524. Preferable, somewhat later on, 
the flow of the 17 amp current continues to feed hearing elemmt 4194and the system is 
preferably found^to be in the standby mode instant of its performance. 
Preferably, in the same manner and procedure as explained above, the temperature at 
the sensor is stabilized around the 56^C temperature, wherein the control regime of the 
temperature through the variations of the current is an alternating ON and OFF 
sequence. ^RoOOOgO CFM(confimi) not clear in text: ON/OFF 

Preferably, if the driver would not cut off the system through an initiated act by him, 
then preferably the sj^m would be shut down at instant 4530, namely when tihie engine 
is shut off, and wherein preferably - considering the algorithm and the control program 
of the system, it would preferably happen when the enpne's rpm drops below the idlmg 
rpm value as pre-set in the system. The car. ? 
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Thus far we explained the operating logic with its algorithm and the operation of the 
system* where in preferably the driver activated the sprinkling after rather a liong 
interval fix>m die instant that the car's engine was started up. 
Let us present now 

Let us present now the circumstances arising firom another mode (possibility) of 
executing the sprinkling by the driver's actions. 

The driver enters llie car, starts the engine and immediately activates the operator's 
actuation switch 4130. The system's operations and cycles sequences would be, 
basically, rather similar to fliose described above (the first example / selection) . 
The major essential difference is that the system would preferably skip fte standby 
stage and directly (?nn = JIITIJI") heat the liquid with its two heating elements, 
4194 and 4196. The tempemture would reach 75°C (and this would be read by sensor 
4270), and from this instant (point) onwards, the process woud be identical to the one 
presented above. 

Let us present now a sprinkling system whose characteristics /provide for// enable / 
e3q>loiting tihe system in a better manner — duough pref^sbly an optimal performance 
from the point of view of attaioing the desired heating, as well as better efBciency and 
utilization of the supplied heat energy, combined with better economical use of the 
volatile (evsqporable) material that is foimd in die antifreeze liquid (e. g. alcohol or the 
like) and in particular in the manner and efficiency it removes the formed ice - as said - 
in the most optimal fashion (success?). 

In the actual experiments carried out WITH WHICH / WHAT SYSTEM ? it was 
established that the range of relative higher temperature, say 7S°C and 56°C for the first 
cycle, and a range of higih (75°C) and preferably a low. 5°C, temperature at the 
t^mmation of sprinkling instant, deliver the best optimal performance v^en the 
environmental temperature is around -18^C. 

Studying the first cycle, it was found that the transfer of the de-icing / melting energy to 
the car windshield is done in a reasonable manner. nn*r iniN uf?^ 



68 



In the second sprinkling cycle there exists a stage at which the temperature of the liquid 
in the reservoir and that of the liquid bemg sprmkled are relatively low EXAMPLE ? 

WHAT MEANS RELATIVE HERE?? even at values under 40^C and as much 
low as to of 5^C. 

At the temperatures just quoted above, the vaporization of the alcohol included in the 
antifreeze liquid is low. This causes at least two important phenomena: 
First - lack of vaporization results in less squandered heating energy, and chiefly 
contributes to shortening the heating up time. 

The second phenomena results in leaving a larger quantity of alcohol in the antifreeze 
liquid solutioa This helps and enhances the melting of the ice process (as will be 
explained herein after). 

In addition, the temperature of the flow of the liquid jet (or the sprinkled liquid "fan") 
occur at relatively lower temperatures. The sprmkled liquid jet is alcohol rich (becauise, 
as said - it evaporation rate decreased - leaving more material in the antifreeze, solution. 
When these liquid jet (or the sprinkled Hquid **fen'') are impinging on the windshield (or 
any other surface being sprinkled), the ice or snow on Ae surfece will not freeze anew, 
because as explained above - it is alcohol rich. 

This essentially absence of freezmg, combined wifli the mechanical action of the 
windshield wipers, was actually proven to provide optimal removal of ice and snow 
&om the glass surfaces. 

As expressed above, in the sequential second sprinkling cycle, that is preferably 
activated (started) when tiie Kquids' temperature is 75°C and is preferably terminated at 
the S^'C temperature level, the supply of active (hot) liquid is doubled. This larger Hquid 
quantity delivers very good de-icing / snow melting action. . 

As a reminder, one should note tiiat die liquid - now at S'^C temperature, is still at 
higher temperature than the typical environmental temperature, at say IS^'C, and thus 
also under tiiis extreme weather conditions it still acts as a melting inducing agent. 
To recapitulate and emphasize: it was established (feund) that the presence of alcohol 
rich liquid combmed witii die mechanical operation of tiie windshield wipers, provide 
optimal conditions for removing ice and snow from flie glass surfaces, and this 
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combination is achieved by working at relatively lower antifreeze liquid temperatures, 
in accordance with the specific values presented in the discussion. 

Consider now the computerizing aspect of the system, constructed to provide the 
opemtional logic and additional required fimctions. 

Building the system ?nr'K "ITD mitt"? Was intended to enable various future 
changes and modifications that might result from continued research and tested 
applications. 

Moreovo*, this approach allows for incorporating specific changes and adaptations, as 
might required by potential future vehicle manufacturers and users and their specific 
needs or ideas* 

As a specific example, a certain vehicles manufacturer demanded that instead of 
adjusting the system to be compatible writh the rather common idling rpm of 800 
revolutions, he should be able to have the system operating at another idling rpm value. 
Specifically, he required that the stand by rpm's shall be around 1,300 revolutions. The 
system built to suit his request, was actually built so it performs at this, 1,300 rpm 
value, without affecting other parameters nor harming the system performance. 
The request was accepted, and suitable systems were already deliveredf to jim. 

Botwoon One of the reasons for "going down" from a three heating elements scheme to 
a two heating elements combination, was the demand of one customer to lower the 
specification of required heating current, practically fix>m the common accepted current 
value of preferably 50 amps in our ''three heating elements'' system, to preferably 37 
amps value. In order to adapt the system to be compatible with his specification, which 
meant lowering the total heating current needed to be supplied at times from SO amps to 
preferably 37 amps, tiie two heating elements (with prefembly 17 amps operating value 
system) was developed and delivered. 

In order to enable a preferably swift reaction time, we introduced a 

?na-^ ?n»-i " standby-n ^v; ai'j'tt? laoasn" :mm tf? oDu?a 

This (different?) arrangement for the standby stage, heats the liquid immediately after 
the car has been started, and thus provides an earlier (PRG?) heating time before the 
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sprinkling action is actuated, thus shortening the required time until the first sprinkling 
cycle can be activated. 

Incorporating a combination of measuring the outdoors temperature and preferably 
inserting the data into flxe system, enables to change at will the temperature values 
(sprinkling start and end as related to sensor 4270 leadings). 

Said integration is preferably very important especially when the set temperature for 
tennination of the sprinkling cycle is selected to be low, e. g. 5"*C. 
In order to clarify this point - note the explanation that follows. 

If the environment (outdoors) temperature is -4®C, it becomes impractical to go down to 
sprinkling at 5°C ?nmn nposn m ^naoin because the temperatures difference is small 
and hence the efficiency is low. 

In such cases, preferably, we could resort to changmg the set temperature upwards, for 
example to 1 5**C or another ?? which preferably can be selected after measuring the 
outdoors temperature and exploiting the knowledge to select a temperature that would 
provide better efSciency. 

(you could say - preferably one can use different antireeze liquids) 
But "P ^ nrnnmn nnn mm '•?i3i mm 

Different antifreeze liquids contam different volatile (vaporizable) liquids, such as 
alcohol, methanol and others. Reference to "antifreeze" and the volatile liquids they 
contain, is hence meant to be general - encompassing all common available types. 

Reference is now made to figure 31, which is a simplified pictorial illustration of the 
circular cylindrical out sleeve 4 1 84. 

This unit is preferably made up of a metal pipe with various openings. 
The openings were already described in the preceding text. 

Elongated openings 4229 and 4231 were found to be suitable for the mixing 
requirements of the liquid entering then heating element, and thus for having the liquid 
in it attain a uniform teniperature. 

The described type of openings, are also amenable for providing convenient and easy 
assembly process. 
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The computerized (electronic) system and their hardware, which were described in 
figures 24A to 24H ROGO - THESE ARE NUMBEFRS BELOW 
24G don't you hacve to change them ? 

Considering the capabilities of the system - it is preferably poOssible to maintun the 
al^rithm and programs TOGETHJER WITH THE NEW ACTIVITY 

laD'pn law w nn« ^''as - iin 

Yjay were explained in part C and that refers to the figures numbered 25 to 3 1 . 
PREFERABLY lines 3 & 4 your p. 117 - me not understand agree or explain please. 

(77) 
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PART CI 



Let us refer to the essential subjects of the flow path of the heated sprinkling liquid, and 
to the synergetic gains obtmned due to the reduction of the part of the volatile liquids 
found in the antifreeze that vaporizes and is Idst, when considering the liquid flow path 
fiom the heating reservour and devices up to the sprinkluig action at the sprayer and 
impinging on the surfaces to be de-iced or cleaned from snow. 

We will refer to an example of a sprinklmg action in which preferably the quantity of 
the volatile liquid (alcohol or flie like) is preferably found in it maximal practical 
quantity. 

hi fliis path - the major components of the heating system are preferably the heating 

reservou- of the system, the pipmg aiid fixtures of the paA to the sprayer and preferably 

at the end of the path, a sprayer or several sprayers. In here after, whenever referring to 

"piping", we mean the tubes together with all their attendant accessories. 

The subject of the preferably heatmg reservoir, was referred to in part C of this 

provisional. 

As for the piping, there are many viable options. One simple option is the conventional 
piping ah-eady existing in the vehicles. Another option, is preferably the piping 
discussed in a former PCT of Microheat Inc:, wherein (there) the tube through which 
the liquid flows to the sprayers is preferably located within a sleeve that contains, in 
addition, two more tubes. These additional two tubes serve for spuming the liquid on its 
way from the reservoir and back to it. In the PCT just referred to, the heatmg system is 
equipped with an auxiliary device for providing the spinning property. 
It is preferably also possible, as explained in the above mentioned PCT, to perform the 
liquid*s spixming through the sprayer/s. 

Preferably, as presented in that PCT, and I will emphasize this fact once more, said 
mefliod of spmiung the liquid enables better performance of the task of maintaining the 
elevated temperature of the sprinkled heated liquid thus preventing harmful quick 
cooling of the sprinkled liquid. 

It is evident from this discussion, that by adopting this approach, we can prefwably use 
relatively lower heated liquid temperatures and yet supply a hot liquid at the ouQjut 
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nozzles —in a temperature that is approximately that of the liquid in the heating 
leservoir. 

This capability preferably does not impel us to provide intensified heating of the liquid 
in the heating reservok in order to overcome the cooling down of the liquid caused by 
conventional piping found in ambient environment temperatures of -18^C. 
The same claims may preferably also be relevant when referring to a sprayer through 
which we spm heated up liquid. Such a sprinkler, would preferably be warmer than its 
ambient temperature, especially if the ambient temperature is the J&equently prevailing 
temperature in cold regions, e. g., -IS^'C (ca, OTF) that we quote as rather typical for 
those areas. 

Hence we conclude that a sprinklmg system, preferably with "a piping in a sleeve" and 
the spinning of the healed liquid property there and withm the sprayer, result in an 
optimal system for sprinkling Hxe liquid on the window surface while the liquid 
mamtains a richer volatile (alcohol or equivalents) contents percentage as compared to 
the conventional ^rinkler systems in vehicles* 

Practically, any sprinkler existing in any car in the world whose conlBguration we will 
change in a manner that preferably the spmnmg liquid would flow through it - is bound 
to provide the optimal performance prevailing in our system - due to the fact that the 
liquid emanating from it will have a richer volatile contents than the liquid sprinkled 
from same sprayer without being endowed by the spinning variation. 
The combination - spinning, heating, increased liquid volatile contents - thus enhanced 
wiping properties, might be deemed to posses the "mnovative" properties amenable to 
patentable requirements. 

In the above presentation, we did not yet refer to other variations and preferably 
adaptations that may be performed on sprayers, to mstill optimal performance qualities 
in them. 

Considering the attributes and behavior relating to vaporization of the volatile material 
in a liquid, and applymg what we know from basic physic knowledge, we note that said 
vaporization of tiie volatile material from a liquid jet, or from a fan-like liquid 
sprinkling, and/or from liquid droplets m motion, depends on a host of factors. 
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Let's present some of these factors. 
A-1 • The velocity of the jet stream. 

A-2 • The sxjrface area of the liquid relative to the volume of the liquid it envelopes. 
A-3 • Theshapeofthejetcrosssection, whether it is circular, cylindrical, or any othen 
A-4 • Relatuig to particles/ droplets ofthe liquid, the configuration of the outer 
surface area of this entities that encompasses the volume ofthe droplet 

It is evidently clear that a sprayer that is partly clogged due to frozen entities at its 
nozzle outwards openings would jet outwards a liquid whose configuration is far 
removed from optimal. 

The spinning of warm/hot liqxiid within a sprayer would preferably enable its flow 
outwards in an optimal configuration, when one considers that preferably the heating up 
action would prevent the freezing of the liquid at the sprayer's nozzle, in a mann^ that 
the designed established as an/the optimal appropriate configuration. 

Sprayers that are designed for sprinkling a liquid from them, in a manner compatible 
with attaining minimum loss of the volatile liquid as discussed above, would be 
basically based on optimization of the spraying characteristics, wiiich preferably relates, 
inter alia, to all or part of the previous clauses - A-1, A-2, A-3 and A-4, 

Slight variations applied to the sprayers would render them "optimal" fixim the 
attendant aspect of lower loss of volatile liquids as compared their earlier configuration 
and performance. 

Changes such as preferably implementing internal spinning. 

Some of the preferably recommended changes are given below. 

B-1 • Changing the spinning mode of the liquid within the sprayer. 

B-2 • Changing the flow path within the sprayer. 

C**3 • Changmg the shape ofthe outwards opening ofthe sprayer. 

C-4 V Changmg the number ofopenings of the sprayer. 

C-S • Changing the dimensions ofthe openings of flie sprayer. 
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Some of the above presented possibilities were actually implemented in a simple 
manner and did prove enhanced efficiency in relation to lowering the percentage of lost 
volatile material from the liquids being sprinkled by the sprayers. 

From the above treatment, it becomes possible to stress once again the subject of 
"innovation" and flie inventions mherrat in the preferably above presented changes and 
additions, chiefly aimed at attauung optimal performance, inter alia by actually 
achieving reduced rates of loss of the volatile liqmds arrivmg at the sprayer's openings. 

YOFFEE 
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CLAIMS 

1 . A heated liquid discharge system comprising: 

a main assembly which provides liquid heating and includes electrical and liquid 
flow control fimctionalities: 

pump and a liquid inflow conduit supplying liquid from a liquid reservoir to said 
main assembly; and 

a liquid outflow conduit supplying liquid to at least one sprayer located at at least 
one location on a motor vehicle, 

said main assembly comprising a liquid heating chamber commimicating with said 
liquid inflow conduit and said liqiud outflow conduit; and 

flow control is established through a temperature sensor that, in accordance with 
read teniperatuies, activates or shuts down the operation of said pump, and by this 
maintains the required temperature control. 

2. A heated liquid discharge system comprising: 

a main assembly which provides liquid heating and includes electrical and liquid 
flow control flmcfionalities; 

pump and a liquid inflow conduit supplying liquid from a liquid reservoir to said 
main assembly; and 

a liquid outflow condiut supplying liquid to at least one sprayer located at at least 
one location on a motor vehicle. 

said main assembly comprising a liquid headng chamber communicating with said 

liquid inflow conduit and said liquid outflow conduit; and 

in this activity, one sprinkling cycle is terminated at a low temperature* 

3. A system in accordance with claim 2, wherein the low temperature at which the 
sprinkling cycle is terminated is higher than the envirozmiental outdoor 
temperature, provided said one is below O^C. 
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4. A system in accordance with claim 2, wherein one sprinkling cycle is terminated at 
a low temperature, that is set in accordance with performing measurements of the 
enviroimiental temperature. 

5. A system in accordance with claim 4, wherein the environmental tempemture is the 
outdoors temperature in the vicinity of the vehicle.* 

6. A heated liquid discharge system comprising: 

a main assembly which provides liquid heatmg and includes electrical and liquid 
flow control fimctionalities; 

pump and a liquid inflow conduit supplyuig liquid from a liquid reservoir to said 
main assembly; and 

a liquid outflow conduit supplying liquid to at least one sprayer located at at least 
one location on a motor vehicle, 

said main assembly comprising a liquid heating chamber commimicating with said 
liquid inflow conduit and said liquid outflow conduit; and 

whenever the system - in periods that ar^ not sprinkling cycles, maintains a stand- 
by stage characterized by heating fte liquid operation in accordance with the 
angular velocity (rpm*s) of the en^e. 

7. A system in accordance with claim 6» wherein the standby stage in which heating is 
ui progress, occurs provided the angular velocity (rpm*s) of the engine is above a 
designated pre-set value. 

8. A system in accordance with claim 6, wherein the standby stage in which heating is 
in progress, occurs provided the angular velocity (rpm's) of the engine eqxials the 
nominal idling zpm value or is higher than said rpm value. 

9. A system in accordance with claim 6, wherein during the standby stage the heating 
current is lower than the designated maximum value of the system's heating 
Gurrmt 
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10. A system in accordance with claim 2, wherein the evaporation of the volatile 
liquids fix>m the antifieeze liquid filling the heatmg reservoir due to the heating 
cycle thereof, as well as the evaporation of said volatile liquid flowing along the 
sprinkling path - until said liquid is sprinkled on the surfaces - is low, 

11. A system in accordance with claim 2, whereto the evaporation of the volatile 
liquids during one sprinkling cycle is lower than the evaporation of the volatile 
liquids m a cycle preceding this cycle bemg refened to. 

12. A system in accordance with claim II, wherein die evaporation of the volatile 
liquids during sprinkling cycles is governed by a temperature sensor. 

13. A system in accordance with claim 2, wHerein one sprinkling cycle is terminated at 
a low temperature; and 

wherein the liquid flow is coupled with the operation of the windshield wipers. 

14. A system in accordance with claun 13, wherein said large amount of the volatile 
contents in the liquid bemg sprinkled is coupled with said movements of the 
windshield wipers. 

15. A system in accordance with claim 14, wherein the combmation of said large 
amount of said volatile contents in the liquid being sprinkled and said movements 
of said windshield wipers prevent the fteezmg of said liquid bemg sprinkled on the 
surfaces being sprinkled upon. 

16. A system in accordance with claim 15, wherem coupling of a sprinkling activity 
and said movements of said windshield wipers assist in achieving the goal of 
convenient and easy removal of snow, sleet and snow. 
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17. A method for controlling and operating heated liquid discharge system comprising 
a main assembly that provides liquid heating and its flow control through 
dedicated electronics circuity and utilising a pump and a liquid flow conduit to 
supply said heated liquid from a reservoir to said main assembly and a liquid 
outflow supplying liquid to at least one spmyer on a motor vehicle. 

Said main assembly comprising a liquid heating chamber communicating with said 
liquid inflow and outflow conduits, equipped with flow control based on a 
temperature sensor^s readings that activates or shuts down the pump operation. 

18. A method as presented in claim 17, with all components and features described 
therein, and that in addition performs the functions of heating the sprinkling liquid 
in a reservou: and performs activates controlled first and secoiid sprinkling cycle 
tasks with a heated liqiiid from a chamber communicating with said liquid inflow 
and outflow conduit; and such that in this activity, one sprinkling cycle is 
terminated at a low temperature. 

19. A method for controlling a heated liquid discharge system comprising a main 
assembly as provided in claims 17 and 18, wiHi all the operational hardware 
associated computer operation and control systems as desmbed in claims 17 and 
18, supplying liquid to at least one sprayer located on a motor vehicle. Said main 
assembly comprising a liquid heating chamber commimicating with in- and out- 
flow conduits and and wherein in addition said liquid outflow conduit; and 
whenever the system - in periods that are not sprinkling cycles, maintains a stand- 
by stage characterized by heating the liquid operation in accordance with the 
angular velocity (rpm's) of the engine. 

20. A heated liquid discharge system comprising: 

a main assembly which provides liquid heating and includes electrical and liquid 
flow control functions; 

pump and a liquid inflow conduit supplying liquid from a liquid reservoir to said 
main assembly; and 

80 



CoDV orovided bv USPTO from f icinr 



a liquid outflow conduit supplying liquid to at least one sprayer located at at least 
one location on a motor vehicle, 

said main assembly comprising a liquid heating chamber communicating with said 
liquid inflow conduit and said liquid outflow conduit; and 

wherein, when the flow path of the heated liquid flowing fiom the heating 
reservoir, the continual piping and the sprayer, are optimal as per the aspect of 
reduced loss of the volatile liquids found in the liquid being sprinkled from the 
sprayer, 

21. A system in accordance with claim 20, wherein parts of the tube conducting the 
sprinkling liqiud, is adjacent to the spuming liquid from and to the heating 
reservoir. 

22. A system in accordance with claim 20, v\iierein a liquid arriving to the sprayer fiom 
the heating reservoir and returning to it, is undergoing a spinning action in the 
sprayer. 

23. A system in accordance with claims 20 and 21, wherein said tube and said sprayer 
referred to there in, are mutually combined. 

24. A system in accordance with claim 20, wherein in its sprayer the inner liquid path 
of the liquid flow was changed relative to the path in the currently existing 
sprayers. 

25. A system in accordance with claim 20, wherein its sprayer underwent a change of 
the shape of the liquid^s exit nozzles as compared to the currently existing ones. 

26. A method for discharging heated liquid, wherein the method is based on a 
discharge system comprising a main assembly which provides liquid heating and 
includes electrical and liquid flow control functions, combined with pump and a 
liquid inflow and outflow conduits supplying and returning said liquid to said 
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heating reservoir, said liquid being supplied to at least one sprayer on a moror 
vehicle, and wherein, when the flow path of the heated liquid flowing fiom the 
heating reservoir, the continual piping and the sprayer, are optimal as per the 
aspect of reduced loss of the volatile liquids found in the liquid being sprinkled 
firom the sprayer. 
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ABSTRACT 

A provisional for enabling variations of an earlier PCT in order to extend its 
applicability to a wider public differing in their requirements is presented. 
It is made up of three parts: (a) "Structure of this provisional" (b) The basic PCT, 
(c) The added body'' - presenting the adaptations and improvements. 

The PCT - 

A liquid heating assembly including a heat-conductive displaceable element and a liquid 
heating enclosure forming a liquid heating volume including a primary liquid heating 
volume and a secondary liquid headng volume. The primary liquid heating volume 
includes a heat exchanger iFor directly heating the liquid in the primary volume plus 
indirectly the secondary liquid heating volimie. 

The Added Provisional Treatsie 

A heated liquid discharge system comprises a main assembly heats the liquid for 
cleaning or deicing snow and ice covered vehicles' windshield surfaces. It includes 
electrical and liquid flow control combined with a pump and liquid flow conduits 
supplying liquid from a reservoir. Main assembly and a liquid outflow conduit supply 
liquid to one or more sprayers located on a motor vehicle, sprayer also located on the 
motor vehicle. 

Flow control is established through a temperature sensor that reads temperatures and 
activates / shpts down the pump operation. 

A salient adaptation feature is reduction of the required heating current (by 
^^proximately 30%), enabling vehicles with lower amp-hours capacity to enjoy the 
benefits of this system. 
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